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15The present disclosure 'gﬁagésd"flg'igmg‘gﬁnﬁ%ﬁ rope-1like
conposi tigons of Z-1,1,1, 4, 4, 4-hexaf | uoro-2-butene. Description of Related

Art Many industries have been working for the past few decades to find 20
repl acenments for This applinatioreplagtsmgiccity of UfS$.UutatechAbplisat{c®Fes/B286t7
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refrigerant s50/056888 RdAIEY! TS, 2DOTANSEOPaRHE A liE&ﬁqﬁé‘G@[@?ﬁb@??&jnﬁ and
t hernoset foans, heat tranSfer nedia, gaseous 25dielectrics, fire

ext i ngui shi P/ABABE Fledcay @, 296 4. SpBatent Applicatien GO AT filed

pol yneri,zati i a, rti a r val £l ui rier, £1.uids, buffing
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repl acement s2607, b I5e Pata@ AsplidationhBII9UDER1 fildBcfoBEHSPr peg7have turned to
t he use of hydrofl uorocarbons (HFCs). 30The 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 gl obal
warmng. As a result of t (B AN OB THE INVEMAIONar mi ng, the HFCs have
conme under scrutiny, and their w despread use may also be limted in the
future. Thus, theFieldofihaddgciagurgonpositions that do not contribute to

bocent: dEs-( Grpe) " BRI b B B sSRE pPrafodf £f 4:888p83Re a1 N0
1,1, 1,4, 4, 4-bepbsitiono ol Zbuti eng H4(Hxaflbs - Ehdtefes- 1336mez), are believed
to meet both goals. 10SUWWARY OF THE | NVENTI ON Thi s application

i ncludes eight different types of azeotropic or azeotrope-like m xtures.
Thi s disclosure p I L bl consisting essentially of (a)

Z- FC-1336nezz and Pg%bﬂéfiﬁ%&fg??ﬁa; Eej;IQf\[/%,her ein the nethyl formate is 15

present in an eff©ManyJedastriesthave Besmwarkiag fntthepast fow azeatieopefind ke
m xture \8' h Z-FC- 1336 di s%l osgi‘r'e al so provides a

conposi Of’l @&%@%P?W@%é@@nﬁ%ﬂ? ;giB%ﬁ(‘S)c JOreduaAregsrRonsaltd ¢ 8) abnt ane;

re
wher ei n the %@H%rbﬁ;d?&@é%nsizﬁ%gé?g%g%%ﬁ&'%ﬁﬁﬁ{h%rvg} nazeot ropi c

or azeotrope-11ke mxture with Z- S scl osure al so
provi des a cempimiad iors widesiastgendl applimatioas | igclotiingsthelt-Use 4836rmol and (b)

2- met hyl but ane (i,sopent.ane); .wherein the isopentane is present in an
o foct | ve. anGioREIRERs G HPSNGS GaERBROA GRS AR S 258Dk ur e wi 1 h
Z- FC- 1336nzz; ISt 561 i eTapale YW nsi sti ng
essentially t(i)jf(:}%(‘:ha a?@ﬁ?ﬁ%ﬁ@?sg% P%%F#%%n?% pen?é??gg?tg%ut ane

( CF3CH2 @32 CHYiglagitie3 dberxlinguisbing and beppicSsidbsagents sppweseyitie working

effective a t to' forman azeotrope-like m xture .with Z-Fﬁ- 336nmez. This
di scl osur e al08SPAVIRIE=H0R SRS a; PRBcURSR wopyalTids criar fYidSoor ()
Z- FC- 1336ne zpaffiflg(dbrativa iigehis, Bt HRpRAIMER BBy inYyepitd) 1dthe search

trans-1, 2-dichloroethylen€ is present in an effecCti've anmount to form an
azeotropi c ofordepleceaseals fardhase versatie chmpopads 3zeny industries hakes

di scl osure OV i L] ,sii g essentially of (a)

Z- FC 1336m§{@ﬁ%86%}ﬂ€,8% %f §9§R’§@€§§$¥E§B§E‘ﬁ%§32e ( CF3CH2CF2H

HFC- 245f3) ; wher elThetHC A6 RatdantriSuter 03Re debfudtiorebf sigaiosphanpunt to form
an azeotrope-like mxture wth Z-FC- 1336nzz. Thi s disclosure al so

provi des a c@APBIRYlGHE GbASNSEIMPURSR Ehil eentyibelion i the fareenBewss: and (b)
di met hoxymet bane- ((QBHSA A bute to global warming. As a result of their

contribution to global warming, the HFCs have come under scrutiny, and
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met hyl al ); wherein the dinmethoxynethane is present in an effective anount
to forman azeotrope-like mxture wth Z-FC 1336nzz. Thi s disclosure
al so provides a conposition consisting essentially of (a) Z-FC 1336nzz and
(b) cycl openthgRevidespisRE0ISe MAKBShDE it@dclﬂdb@ﬁtiéllﬁ% Thusprtberens @ n an

e e e CA

graphi cal r egtratesptierid G2 amd aRBEIAVEO Ry gm&aamwr@oﬁoﬂénlﬁﬁisqwmf-'%j.t i ons
consi sting essentially of Z-EC 1336nzz and net hg/l formate at a tenperature
o e

of about 50.%edgindydrofuaropieinsosueh as g bt éA-hexafluose-buteoa of an
t | 4i i ] i sty tiall f
7 FC: 1330 Ul A S ISP T a bR SR B L T

3 is a graphical representation of an azeotrope and azeotrope-|ike
conpositions consisting essentially of Z-FC 1336nzz and 25 isopentane 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 C. 30 FIG 5 - FIG 5is a

graphi cal representation of an azeotrope and azeotrope-li ke conpositions
consi sti,ng essentially of Z_ FC: 133f and_trans-1, 2-di chl oroet hyl ene at a
terrperat@re of about 50.1 - EM\?ENTAO@ aphi cal representation

of azeotrope-|ikeTgg ﬁ'bétii- & Em i Sthngin j - FC-1336nzz and
HFC- 245fa at a tenper uredc?)? aC out gghgaéﬁ?@@p@%byag@%&@?@ a graphi cal
r epr esent at i agecdfopeziika mogierelsi ke conposi tions consisting essentially of

Z- FC-1336nzz and _ggﬁneééh?x net hane at a tenperature, of about 50.0 C. FIG 8
- FIG .8 is a grapft&sc ‘Péﬂﬁég@ﬁp%iao?lowpo OB LOpEIsHRE assgntially of (a) :

azeotrope- | | K¢ (Lq3BORzE A Mol s‘@q@' - z and

cycl opentane at a _terrngratubzgg?hztbfgﬂ?‘ag% ' HS@T%L@%@%%?% CF THE

| NVENTI A8 15resentinyerapfietlivet aronant tofermsan afecirppic ©r sizegtrepedikponent or an

azeotropi c or.azeotrope=Li ixture is desirable. For exanple, when a

bl owi ng agerfp'x?‘érﬁpvggi?%ls%h'@%z@nom as foam expansi on agents or foam

expansi on conposi thigkGdclbSuraGl i [ : ropic 20
igREgcibSur s@pﬂ:&%@e@ar&inﬁ%&&ﬂy ‘:%P%ﬁ%wsﬁ’r‘iq @Qs]érft%%

or azeotrope-like m xture, the comnposition / change durT ng
appl i cat i on 9fr{a} BFEokdRbnerzend (pr perdase; @herein thaagentanscispeséntiion coul d

appl i cati on. SPLEEle BBRRT G dn S5 pRE 80P PRE afUB T Zof  en
| ost durQng PPerx@sngr.t hrough | eaks in shaft seals, hose connections,

sol dered 25j oi nts_and broken lines. In addition, the refrigerant may be
rel eased to the alW§slisplesura@se §roniras anampogition consisingessettiallyer at i on

equi pnent . | £efid I ]! | ment _or,. an
azeotropic oclg’f (tgzgo’fgo{pge%%]e&é%ir%h%g&&@%@é ﬂ%%@gﬁgﬁtﬁ%‘?{m@ﬁi on nmay
change V\hen3ige¢ﬁmﬁnﬁris @ir@tgémw?d_éffbcﬁhe AhEWMIH 68N bhoaﬁédmapﬁ@ér;] i geration
equi pnent . e change.in refrigerant conposition may cause the
refrigerant ?@%Qﬂ?ﬁ@‘q vm%w&hc?ggw Ba¥®ZBoor refrigeration performance.
Accordi Bgl y"' thereniS; i I %;&?ﬁ i: r -k idke

m Xt ur esQ@i n these?g?rsl '?E)%[ er aépI%? ipgg\??%%s, oégéeaggrﬁgﬁgggggélg gg%?tiéﬂgr

azeot r ope- | i ¢e(ahiZxE Gr E336rvnand fbnt, 17+, 8, 3-pénthfiticfotheaad | uor o- 2- but ene
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FC-1336nzz as used herein refers to the isoners,
E- FC-1336nzz as wehis disclasyrecuadipnevidess ecomposition eonsibtisgessestiialigr s.  As

§ hasomez &> > : i aaalbegiieiirogs |
10+ i nel o ngoh (¥ FECn 338k aha By traps i NGBS IS B thear e 1 nt ended
to cover a Neanexcl-dRhtRobthglarnd RMprebeht mﬁf@%tf@ HBERER fmi41Pd,

article, or apparatus that conprises a list o enents I's not necessarily

linmted to oFASPHORIGer areaErre likeMixkyeiwith 4dC-dBRBMzZL enent s not expressly

i sted or inheren . r : 0 J.cl e or_.apparatu Furt her,
unl ess 15 expr essﬁ"ﬁ&g‘i'gﬁégu’fgoé’%ﬁzﬁ%‘gﬁ%%‘g?ms‘é%'{-’%%P%‘SI'E!B&&S?%@FXSi ve or
and not - to aof (@x@-HEHV388mMzz Bad (Bxampl &, 3-peatuflictbmapaner(OB,C8,eatisf i ed by
any one of the following: Ais true (or present) and B is false (or not
present), Ais false (or not present) ard Bis true (or present), and both
A and B are true (or present). 20Al.so, use of "a" or "an" are enployed to
descri be el enents and conponents descri bed herein. This is done nerely for
conveni ence and to :




gi ve a general sense of the scope of the invention. This description should
be read to include one or at |east one and the singular also includes the

plural unle it ,Ls ,obyious fh it s meant otherw se. 25Unl ess ot herw se
defi ned, al ﬁ%@%ﬁﬁf@aﬂ‘&ﬁ%”s"%?gﬁ(ﬁ%é?@ 5 HESEeEH e pERRliveadmouRkiosane
meani ng as I i f = @Or{h skill in the art to which
this invent ?g'nm%g%ﬁgg%%ﬁg‘%gﬂb rr?eq@ﬁlo ngnﬂi’jnt{%Zfi als simlar or

equi val ent to thddés disslosiubedidoeprevidesancomposiitbni corsistingreaasehigliyor testing
of enbodi nen esent jnvention, suifabl Onet haods .and materials
are descri bé’ﬁ?)ﬁ'&%‘?ﬁ%%lﬂﬁc@ﬁBﬂ%t%%Xmﬁaﬁ%Z@ﬁégﬁ%%quat ents, and

ot her reBerQﬁ‘@tﬂ?!al}?%e?éiQQhB%r%bfhdgzﬁwe!tﬁéﬁéE%e)g%s%ﬂt Yah 8hgERRFE 1N their

entirety, unlesS a particular passage is ci I'n case of conflict, the
present spedMmowHie dorm ancasditiogedieimixtirensith ZAFCH1 338wzl . | n addi ti on,

the material s, hods,,and exanpl es are illustrative.gnly and, not intended
to be limting. ik 'SEI-%I?M?VW?S&&‘ QHWSEW%”Q&BS?F@I& eparation

met hod has beesn ZiFsthesethzzidHd 8% a0BbBentdhdd S BN jL£ation No. 5
50/ 026293 [ Pl 1046 U6 Peol AT e AT e P Ses 25;(){7&#5?" 'g@h?'/né?g#ﬂp%r ated by

ref erence i wyFippeataneristoyesent in aneffectizpm@rmeant torfformaruatesstampéoor opi ¢ or
azeotropg-1li Lt | SH -FC-1336nzz. I n some enbodi ments of
this i nggnt iagﬁ?ﬁ&ﬁ%?‘g%%*%ﬁ?ﬁ@ﬁpgﬁ"ﬁg@é”f@'essenti ally of (a) Z-FC 1336nez
and (b) nethyl formate; wherein the nethyl formate is present in an
effective anount to form an azeotropic or azeotrope-like mxture with

Z- FC- 1336nzz. In sone enbodi nents of this invention, the conposition
~consists essentially ﬁgﬁ%lﬁ?’%‘g tane; wherein the

pentane is 15 present %%‘%‘%\S@@g&%ge a W‘%&ﬁan azeotropic or

azeotrope-like mxture with Z-FC 1336nzz. In sonme enbodi nents of this

i nventi og, tl-{]}\ﬁ conpasi tion consists essentially of (a) Z-FC 1336nzz and (b)
i sopent dne; el 6l Hdsiagirphica eepreseniadiontofian azeaifanscande anount to

forman aze j n‘?ﬁc‘?ﬂfi =l d: ] i FG z In
sone enbodi %ﬁ?gb%? m‘ ﬁl%g) i nvenéﬁﬁ?ﬁ%@i%%%@ﬁygi&éégéﬁsﬁgzgg%%%ti atly of
(a) Z- FC 133fethyl fantatont af€pebatiic: ofvhieseti 30419, HFC365nf ¢ is present in an
effective amount to forman azeotrope-like mxture with Z-FC 1336nzz. 25In
sonme enbodi nents of this invention, the composition consists essentially of
(a) .Z-FC 13 . . = CH t by : in the

trans-1, 2- d?@%’zgr gjgééhgp)érﬁaéi E)(gaéi%%glgﬁ%ﬁﬁe%e{erﬁ%%t m)%ﬁ to form an
azeot r ogbc @zealrepe-lispednpesitions conrsistingeFseidially 26 FzFC-1386nmureardbodi ment s

of this invention he co Siti cqnsi st,s. 30 essentially of (a)
Z- FCG 1336nzf’eg?ﬂf’é(%§alfﬁ&p%ﬁe, Oﬁﬂn%? iﬂjghé-HFCMSfa is present in an
ef fective anount to forman azeotrope-like mxture wth Z-FC 1336nzz

In sone enbodi nents of this invention, the conposition consists essentially
of (a) Z-FCHE38niAGaridds(@yrafihieal iexpsentation; oldreazeotregeandi met hoxynet hane

i toi fect| { . t i 1 Xt ith
/°Fe Tasame F2eBofbRE kBB hit e e R e R b S B 11 on
consi st 95esseitdnthe abh témpetatofe bB36GEZ1ZVAC D) cycl opentane; wherein the

5 cyclopentane is present in an effective anount to forman azeotropic or
azeotrope-like mxture with Z-FC 1336nez. By effective anount is

meant an a t chy - i 150 Z- EC-.1336nzz.. results in the
formation g?i{ ghd’a\fe‘o 'P;OISY%S(gbr&gé%6€§%5’§H%Oée&r%£ﬁoﬁrroge'uﬁ% s definition

i ncl udes t heoarpnsiticnsoforedisting essentiatly of ZOF@hi 336800 WAH HFGIBEEATRY aflependi ng
on the pressure applied.tgo the composition so long as the azeotropic or
azeot rope- | i%@"’!ﬂf}r)fggﬁ'?tqf %%ﬁtq e to exist at the different pressures,
but w thgpossible different boiling points. Therefore, effective anmpunt

i ncl udes the anobunts, such as may be expressed in weight or nole

per cent ages,FlIof Seddfs. doisppgearihicdl répreskeatatiompoisan apastrofe bheé i nst ant

i nvention which, formazeotropi.c or azeotrope-|like sitions at

t empor at ur e 2P BRRIUE CnBRAn hafdEid B8RentAll dierern ! 36mes g

recogni zed itfarisbe 2adikk § fengoeraasktd ' m xture of two or
nore different co'%%gl%m%&%%n in %u?%do@%nzg'r a 20gi ven
pressure, will boil at a substantially constant tenperature, which
tenperature nmay be higher or |Iower than the boiling tenperatures of the

i ndi vi dual conponents, and which will p@ovide a vapor conposition
essentially identical to the overall Iiquid conposition undergoing boiling.
(see, e.g., M F. Doherty and M F. Ml one, Conceptual Design of

25Di stillation Systens, McGrawHi Il (New York), 2001, 185-186, 351-359).
Accordingly, the essential features of an azeotropic conposition are that
at a given pressure, the boiling point of the liquid conmposition is fixed



fractionation of the conponents of the liquid conposition takes place). It
is also recognized in the art that both the boiling point and the wei ght
per cent ages of each conponent of the azeotropic conposition nay

change when filfse SaAd&i- oisi & g Ephifed represandatinibpeatanirops-i¥ei | i ng at different

35 pressure ; [oJo]] i- J-@n f] I s of

t he uni que ?g%}% |%&ﬁ§iﬁge%sgétng%m; 'Fﬁé"%@%@ﬁ@%@ﬁ% éf?ns of

t he conposi ttéppatatupngeabedt 2018 °Conponents or in terns of exact weight

per cent ages of each conponent of the conposition characterized by a fixed
boiling point at a specified pressure. For the purpose of this invention,
an azeot EopgqH ke ©eimposi ] | : osiijon that behaves |ike an
azeot I‘OpISC ?Ibgﬁlgsiﬂ on ,(S,Ié g%@%@%@%sﬁ%gn@%oﬂ %%edjt*aﬁ’ggg(& eristics or a

t endency notcohwpdsitints cnatistingoessdrtially g FCevag8mat had) . Hence, during
boiling or evaporation, the vapor and Ii?uid conpositions, if they change
at all, charj@edimymathanaataigmpsratyegiaf sopus 25@8st. This is to be -
contrasted with non-azeotrope-Ilike 10conpositions in which during boiling
or evaporation, the vapor and |iquid conpositions change to a substanti al
degr ee. FIG. BddtIG.dhizl & grapiiea repesdntétiore ohmo azéotonse exti bi t dew poi nt
pressure_.and bubbl e point pressure wi,th virtuall ressure differential.
Pt s 105" azs ol kRSP Sham.consic Prg caearial il Zor Bebadtmanangubb! e
poi nt 15pre ' idd oe a small value. In this
_invention, C%Z%O?s?ﬂ?rgengt éﬁ%ﬁb§@|§§%¢%§%ﬁg %’dn g'ew poi nt pressure and bubbl e
poi nt pressure of -l ess than or equal to 5 percent (based upon the bubble
poi nt 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 definedpsyAI0EDN DESORATPRIN OF THE INFERTIORS- | | ke
“conposition. Relati vemﬁﬁwmrra%#irnrm}aﬁ lity of
componed® 1 to the volatility of conponent 2. The ratio of the nole
fraction of a co nent _in.v r. ,othat .in liquidis the volatility of the
conponent. To degﬁ?ﬂg%af)ﬁgcﬁ%&%&%%U%‘&O&aiqlfr? g eé‘ﬁ?ﬂ%”@%ﬁﬁunds, a 25
met hod knownzestiohR: Slaza@tdRdlikamikard € desitdbib NESr PiRgSIEURBentf1e tot al

absolute pressure in a cell of known volune is neasured at a constant- :
t enper at ur e H@WingageicUap@AIEoN (a6 kopwrhas fan expposind agevteonfoarhe Fi x

Met hod is d [ i Y i bri in Process.Design”,
"W ey- | nt ersCi ghgg}%%f‘ﬂg%gphs)ll'gfﬁ%g\;\?ﬁetl;%ﬁb%ygﬁﬁﬁ%qﬁr aﬁﬁqsgotra?:%o pages
124 to 206, dreszebyropedikepobdtied thy compasititemalhtspgarisinggent s can be
converted into _equilibrium va?or .and liquid_ conpositions in the PTx cell by
usi ng an actarpliegtien & thefoam Umiag PERCesRdePUCR Gbange in ermMpRSItiRaNdom
Two- Li qui d ( 1 i U i ities. Use
of an acti vi‘%@%ggﬁ I%ﬁfgﬁ?a@f&h&afeﬁo&%@@&‘% %%%%Wéﬁ‘%&?ggﬁ% descri bed
in detail irapplibati®nopdsd,iiesebibeGtitrsappitdtions| dsefrigétdntéslofteomstpubl i shed
by MG aw Hi |, writtagn gx Rei d, rausEiﬁ z apd Poling, on pages 241 to 387,
and in " Phas¥!"EigRneTalPn dhiqnabneare if S éiSﬁaLsr. hR§S CopnBFicIve golipred
Butter th; i |t ‘ 5to
244, Both afoy nane okert gy, INEddiith, e eAenhal 83T e 1 Ce.

W t hout wi shitmpspbebe dbdongdnbdiptenancemrocgdorescamp befrigetation dduiprachelii eved
that the NRTE egfjati on,. toaget her wi-th the PTx cell data, can sufficiently
predict the MBIEINASrIRL §SIAA pyTE Haglgreqrpeonent or an azeotropic or

Z-1,1,1, 4, 4, fe-dutoeplel H SorpBukiBRe by ﬁ.{ge,g obi esent
invention and can theref org gﬁrnggi gt@ﬁé@%ﬂgﬁg\?iso Ofﬁo?\hrgggcﬁn&g@%?ve[?rﬁ n

mul ti - st age lealad af dischasged iretite aineespherdifcom tharefdgerstivorampipment.

| f i hat .7- FC- 1336 d, net hyl, 15f
For maz 01 T 0B e s TR ERM: et el ioe e e GRlRf P o (e
rel ative voligsddrhé iadimbbleSomtortive peor refigiralidy pBBbRAEn8E EddrefgRbove was

used. The total absolute pressure in a PTx cell of known volune was "
measured at BERiSHPeEPEIREHEINGraze0dioPiPT sEeorpriiive cudpoed nitbase These

Comosi 11 one® st AEBPARATE ot R veetbon Eir 220bu8 ke Blkres, cocure

nmeasured versus the conpositions in the PTx cell for Z-FC 1336nzz/ net hyl
formate mi xture is shown in FIG 1, which graphically illustrates the
formati on of an azeotropic and azeotrope4li ke 25 conposition consisting
essentially of Z-FC 1336nzz and nethyl formate as indicated by a m xture of
about 20.4 nole % Z-1,1,1, 4, 4, 4- hexaf | uoro2-butene and 79.6 nol e % net hyl
formate having the highest pressure over the range of conpositions at this
tenperature. Based upon these findings, it has been cal cul ated t hat '
Z- FC-1336nzz and nethyl formate 30 form azeotropic conmpositions ranging
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Azeotropic Tenperature (C) Azeotropic Pressure (psia) Z-FC 1336nzz (nole
A3) Methyl formate (nole % -20.0 1.38 25.4 74.6 - 10.0 2.40 25.2 ' 74.8

: .09.64 23.7
0.0 3.97 24do%tair71%g%-]1?1,9,46,34%9he%a%u%rozzy)-bZtezn% (Z~8F3CHzCHCF3, 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, E or
Z. FC-1336mzz as used herein refers to the isomers, Z-FC-1336mzz or
E-FC-1336mzz, 'as well as any combinétions 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
' céver a non-exclusive inclusion. For example, aprdcess, method, article,
or apparatus that comprises a list of elements is not necessarily limited to
only those elements but may include other elements not expressly listed or
_ inherent to such process, method, article, or apparatus. Further, uniess

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
following: 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 inciude one or at least one and the singular also
includes the piural unless 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 ane 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 deécribed 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 corflict, the present specification, including definitions,



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 52.4 19.1 80.9 80.0 68.9 18.0 82.0 90.0
will control. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.

Z-FC-1336mzz is a known compound, and its preparation method
has been disclosed, for example, in U.S. Patent Application No.

S 60/926293 [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. |

In some embodiments of this invention, the composition consists

10  essentially of (@) 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.

In some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz 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 embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) isopentane; 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-1336mzz and (b) HFC-385mfc; wherein the HF'C-

365mic 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-like 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-iike 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



89.0 16.8 83.2 100.0 113.3 15.6 84.4 5 Additionally, azeotrope-Ilike

conpositions containing Z-FC 1336nzz and nethyl formate may al so be forned.

Such azeotrope-l.ike copposi.tions exi st oynd azeotropi c conposjtions. Sone
dmetd G d

embodi ment s LofvYpane P i eq Y& amayrt 4o formran egestropgrdi ¢ i onal

enbodi nent s gde hBAIRANVAOPEFCLIBsposi tions are listed in Table 3 15
Tabl e 2 Azeotrope-like corrpos‘*l(t I ons COVPONENTS T (C) Wei ght Percent age

Range Z- FC- 1336neln/ddmd gimtfadimments of4bislineentlo®Iha-detid@storvedddistby|l formate

0 1-99/1-99 Z-FC-..1336 / h or mat e 1-99/ 1- 99 7, FC-.1336nezz/ Met hyl

formate 40 159Nl ohIA &k So kA kbeng B sYapenine w6/ aii dbe

Z- FC 133G 24 MpddbHtah@ 19 BreRe AL an effective amount to form an azeotropic or
azeotrope-like mixture with Z-FC-1336mzz.

By effective amount is meant an amount, which, when combined
with Z-FC-1336mzz, results in the formation of an azeotropic or azeotrope-
like mixture. This definition includes the amounts of each component,

10 which amounts may vary depending on the pressure applied to the
composition so long as the azeotropic or azeotrope-like compositions
continue to exist at the different pressures, but with possible different
boiling points. Therefore, effective amount includes the amounts, such as

may be expressed in weight or mole percentages, of each component of
15 the compositions of the instant invention which form azeotropic or

azeotrope-like compositions at femperatures or pressures other than as
described herein,

As recognized in the art, an azeotropic composition is an admixture
of two or more different components which, when in liquid form under a
20 - given pressure, will boil at a substantially constant temperature, which
temperature may be higher or lower than the boiling femperatures of the
individual components, and which will 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
25 Distillation Systerhs, McGraw-Hill (New York), 2001, 185-1886, 351-359).

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

30 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

35 pressures. Thus, an azeotropic composition may be defined in terms of
the unique relationship that exists among the components or in terms of



1-99/1-99 5Table 3 Azeotrope-like conpositions COMPONENTS T (C) Wei ght
Per cent age Range Z-FC-1336nzz/ Methyl formate -40 10-90/10-90

Z- FC-1336nez{ Met hyl formate 0 10-90/10-90 Z- FC- 1336nzz/ Methyl formate 20
10- 90/ 10- 90 t%epeg Rslenal (R9RA offtg{ampg@eqt@_cgw fynsociRxast vaighl 2/ Met hyl

found ¢ hr oudh SxneR R e T Gl oTEE YL Rt e d BV cot ropi

or azeot r opdixdeididmilimgrposit Bt aspecifiedgetesoiane the rel ative volatility of

this binary pair,_the PTx nethpd.describped above was used. The_ total

absol ute pressur eF‘i’rnt%g WO%%P& ’WﬁWH”V%P%OVBEe"‘Eﬁﬁm%’%” const ant

t enper at gr e I i Lty : tis,were then

reduced 1[5 o] eﬁg???%ﬁcﬁﬂn? ?/ﬁ%ﬂfmaéﬁgaﬁag% Aﬂ(g%r?r‘p%%%lﬁ%ﬁgeﬁggj Eg%@e(ﬁ?"usi ng the
N RTL equat ihms catsdanbpuling clearsotesistres sarrsettndensy siot teefrachigreté ipons i n t he

5 PT Il for, Z- FC- 1336 / tane m xture..is shown in, Fi 2, which -
"1l ustr at es BRIUIEPEGVRROTRHANY oreats. ohir 419 BRIIRG o8 EVBRPENSRa e, B8R TTope- | | ke

conposi tion Mﬁ%&&idﬂﬁmﬁﬁt%l flthdy ehahyd ot al; bhhdts &%g%lal&%ﬁm% putene and
pentane at 19.9 C as indicated by a mXture of about 50.0 nole %
Z-1, 1, 1,-4, 4, negligitie laxéerd- Thisuisdndearnisasted mithenospeaotiopetikei ng t he

10hi ghe pre e..ove r of..conpositions at this te rature.
Based uagn t%iﬁ‘gé'fipﬂ%? kb‘é’ﬂﬁptoaﬂg@ %%E’FSEPHEPQE"‘%‘-@W VeRGEE z and
pent ane for rﬁcﬁﬁg@@éiti@ﬁé@hﬁ:@g@@ﬁébb@ﬁ@nt@ﬂﬁbg@aér om about 48.2 nole percent
to about 58.7 nole percent Z-FC 1336nzz and from about 51.8 15 nol e percent

to about 41.3 noledgiéipaalit ageatrape-ikamampegtionaesvbit dencpeiphptrsstions
Dol L0 2 ISR 465 S b g i et et Bt )
Some enbodi neyt thad tha@iferernie ie the TS pbirpresdife ldnstinthbbia pbaltl e 4. 20
15  pressure at a given temperature will be a small value. 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 systém is defined as forming an azectropic 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 volatility of the component.

To determine the relative volatility of any two 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 compositions of the two compounds. Use of the
PTx Method is described in detail in "Phasé Equilibrium in Process
Design"”, Wiley-Interscience Pub!ishef, 1970, written by Harold R. Null, 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
egquation model, such as the Non-Random, Two-Liquid (NRTL) equation,

8



25 30 Table 4 Azeotropic conpositions Azeotropic Tenperature (C)
Azeotropi c Pressure (psia) Z-FC 1336nzz .(nmole /0) Pentane (nole % -20.0

2.20 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
70-9 30,0 1d04eREF Tl Rige noPieaIties, sy ofpripcsy coetticient

equation, such as the NRTL equation is described in detail in "The
Properties of Gases and Liquids,” 4th edition, published by McGraw Hill,
written by Reid, Prausnitz and Poling, on pages 241 to 387, and in "Phase
S Equilibria in Chemical Engineering," published by Butterworth Publishers,

19885, 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 predict the
behavior of these mixtures in multi-stage separation equipment such as
distiliation columns. _

It was found through experinients that Z-FC-1336mzz and methyl

16 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 compaositions in the cell using the NRTL
equation. |

The vapor. pressure measured versus the compositions in the PTx
cell for Z-FC-1338mzz/methyl formate mixture is shown in FI1G. 1, which
graphically iliustrates the formation of an azeotropic and azeotrope-like

25 composition consisting essentially of Z-FC-1336mzz 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 methyl formate

30 form azeotropic compositions ranging 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 methyl formate (which form azeotropic
compositions boiling at a temperature of from about -20 °C o about 100
°C and at a pressure of from about 1.4 psia (10 kPa) to about 113 psia

9



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
120.0. 182 58. Addi ti onal | azeotrope-|like conp05|t|ons cont ai ni ng
Z- FG 1336nzz(7g8rlftﬁ)aﬁ))er§°<§'ﬁ% EH%RPCBF@8¥%@ azeAiEARIc sopwosiivnsraspdisteckia
conposition §t around azeotropic conpositions. Some enbodi ments of
azeotrope-|i e conp03|t|ons are listed in Table 5. Additional enbodi nents
of azeotropeli ke conpositions are listed in Table 6.

Table 1 Azeotropic compositions

Azeotropic Azeoctropic Z-FC-1336mzz Methw formate

Tempo%r)ature Pressure (psia) (mole %) | (mole %)
u(zo.o 1.38 25.4 746
-10.0 240 . 252 7438
0.0 | 3.97 248 75.2
100 6.30 243 75.7
50.0 9.64 237 76.3
30.0 143 - 22.9 771
40.0 205 T 221 77.9
50.0 ! 28.7 212 -~ 788 .
60.0 T 392 202 79.8
70.0 524 19.1 80.9
800 688 8.0 §2.0
0.0 89.0 T 168 832
100.0 113.3 156 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



10 15 Table 5 Azeotrope-like conmpositions COWPONENTS T (C) Wei ght

Per cent age Range Z-FC-1336nzz/ Pentane -40 60-75/25-40 Z-FC- 1336nezz/ Pent ane
0 60-80/20-40 Z-FC 1336nez/ Pentane 20 60-82/28-40 Z-FC-1336nzz/ Pent ane 40
60- 85/ 15- 40 Z- FC-1336nez/ Pentane 80 55-90/10-45 Z-FC-1336nzz/ P entane 120
45-99/1-55 5Table 6 Azeotrope-like conpositions COMPONENTS T (C) Wi ght
Per cent age Range Z-FC 1336_nez/ Pentane -40 62-70/30-38 Z- FC-1336nez/ Pent ane

0 64-74/ 26- 36 Table 2 Azeotrope-like compositions
COMPONENTS T (°C) | Weight Percentage
o Range
Z-FC-1336mzz/Methy! formate ~40 1-89/1-99
Z-FC-1336mzz/Methy! formate 0 1-89/1-99
Z-FC-1 336mz;/Meth§I formate 20 1-99/1-89
Z-FC-1336mzziNiethyl formate | 40 1-69/1-9
Z-FC-1336mzz/Methy! formate 80 . 1-99/1-99
Z-FC-1338mzz/Methyl formate 120 1-99/1-99
5 Table 3 Azeotrope-like compositions
Weight Percentage |
COMPONENTS T (°C) Range
Z-FC-1336mzz/Methyl formate 40 | 10-80/10-90
Z-FC-1336mzz/Methyl formate 0 10-80/10-80
Z-FC-1336 mzﬂMethyl formate 20 10-80/10-80
-| Z-FC-1336mzz/Methyl fof‘m ate 40 10-90/10-90
Z-FC-1336mzz/iethyl formate 80 |  10-90/10-90
Z-FC-1336mzz/Methyl formate 120 ~10-50/1 0-80

it was found through experiments that Z-FG-1 336mzz 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 abso}ute pressure in a PTx cell of known volume was

11



Z- FC-1336nrz/ Pent ane 20 64-76/ 24-36 Z-FC-1336nzz/ Pent éne 40 64-78/ 22-36
Z- FC- 1336nerz/ Pent ane 80 62-84/16-38 Z-FC-1336 nzz/ Pentane 120 57-99/ 1-43

I f d._th h ' - FC-.1336n d i f
azeot ropi ¢ oFCAUSE A ge AL CEbRpRE frdvarl iy AP TR ere
volatility OhehSireriiiidiwer8ahén rédietTeo é@iﬁ&%rﬁ%ﬁbi?ﬁ@' lighpve 10 was used.

The total absolute pressure in a PTx cell of known vol unme ‘was neasured at
const ant t engsEnpesitiens oy theasliomindiheaNR [doagestian.ons. These neasurenents

were then reduced to LlL.Lbrj apar. i qui d, conpositions in the cell
usi ng the NRTL equat_i[ﬁ%.k'Jllabb(lo"‘:’}e%’gl"}/e R‘%aﬁﬁ‘gg%gﬁgﬁnsgP%gﬁWé’sﬁEﬁdPé ver sus
the conp@si tppRsell fort e CLEBIBmeeentfMe AikiGrd B3R in SIERenNt@lignm xture is
shown in FIG 3, which illustrates graphically the formation of an

azeot rope anfustraies goarhicaikethedferpation cdae aseotropic and azeotrope-like

2 mixtur e of RCR 4 EEASEREY BEOERNY AP HE HesBisrorzufien nd 60, 0"
‘mol e % i sopemicipentamei atgl X HEChag hreditateddssa neixve bf tbeur Bhoenok %
conpositions_at this tenperature. 5Based u&on these findings, it has been

cal cul at ed t%‘éta'fsiv‘hé}“"lmo'@n'ém%@@lﬁé & melenteaaiare fayingdhgosi ti ons
72 P 1948, 5 Rt prtodie Ut (RS SEIY of BotBBNlcAd AT ISBEEAGRL . o o

i sopent ane (which form azeotropic conpositions boiling at a tenperature of

from 10 about B2€e§ Uponabest fihdPgE, RhchsHech BalegiatEEthat ZLFom ootz 2. 7 psia
(19 kPa) to about 19 sia (1372 kPa)). Sone enbodi nents of azeotropic

conposi t i onsaRd peniasedarnmzegliopicconpesidions Azrging fignt aboubeBRtmeles
R oPne (BEREhEIo Sl S HHEGL AR PR215861R2 LAY forh Gubir 8Ty (™™ & %
16 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.

20

25

30
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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
15.4 412 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

Table '4 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz Pentane
Tem;:;eg)ature Pressure (psia) ‘ (mole %) (mole %)
-(20.0 220 | 482 518
100 3.70 48.9 511
0.0 5.91 . 495 50.5
100 .07 . 50,1 459
200 13.4 50.7 49.3
300 19.2 51.2 488
40.0 26.7 51.8 48.2
500 7362 52.3 477
60.0 48.0 - 52.9 471
70.0 62.4 536 46.4
80.0 79.6 543 45.7
900 - 100 55.1 44.9
100.0 124 56.0 44.0
110.0 151 57.2 428
120.0 182 58.7 413

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

10

15
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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 isopentane may al so be forned. Such azeotrope-like
conpositions exist around azeotropic conpositions. Sone enbodi nents of
azeotropel i ke conpositions are listed in Table 8. Additional enbodinents of
azeotrope-li ke conpositions are Ilsted in Table 9. 5Tab|e 8 Azeotrope-like
conposi tions COVPONENTS Tldkhe S/dreniro SRR GILE:

Z- FC- 1336nzz/ | sopent-ane—40—40-—65¢ 35 60+=+C 336L/! sepentang 0
45-70/ 30-55 Z-FG 1336nez/ | sopentane 20 45- 75/ P5- 55
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 20 650-82/28-40
Z-FC-1336mzz/Pentane 40 60-85/15-40 .
Z-FC-1336mzz/Pentane 80 | - 55-00/10-45
Z-FC-1336mzz/Pentane 120 45-99/1-55
5 Tabie 6 Azeotrope—ﬁke compositions
Weight Percentage
COMPONENTS RS Range
Z-FC-1336mzz/Pentane -40 62-70/30-38
Z-FC-1336mzz/Pentane 0 64-74/26-36
Z-FC-1336mzz/Pentane 20 64-76/24-36
Z-FC-1336mzz/Pentane 40 64-78/22-36
Z-FC-1336mzz/Pentane 80 62-84/16-38
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 & 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,
The vapor pressure measured versus the compositions in the
158 PTx cell for Z-FC-1336mzz/ isopentane mixture is shown in FiG. 3, which

fliustrates graphically the formation of an azeotrope and azeotrdpe-like

14



Z- FC-1336nez/ | sopentane ' 40 45-75/25-55 Z-FC-1336nez/ | sopent ane 80

40- 85/ 15- 60 Z- FC-1336nzz/| sopentane 120 1-99/1-99 Table 9 Azeotrope-like
conpositions COVPONENTS T 1(C) Wi ght Percent age Range |

Z- FC- 1336me Zonappssiiangmefl Z401.46.48-aexadluarordchulzpemnd iscpprtanaras 19.9

3 S 4 G SR AN R & £y e sopnan

Z- FC- 1336ne Zidxafipery-2Ariid 29 add 6890 dnbid B4 iddbdritamehiatiny He hiyHaegh
experinments that Z-FC- 1336nzz and HFC-365nfc form azeotrope-I|ike

conposi t i onPTETYIBAVEN W EaNIROF QrEPPSIEONs RALhIS teypperatine. s binary pair, the

' : | | ' PT
cel 1 of Bnown vol uneoaed Ran ey tharigh i Pal ool B e PaRRE Pl T ons
bi nary conposidgnursand epentarsioreneictropt ohiperitiod uaegingdroegui | i bri um

vapor and liquid_conpositions in the cell using the NRTL equati on.
P - a%out 3%.1”%078 percent to about 48.6 mole pegrcent Z-FC-1336mzz and

from about 62.9 mole percent to about 51.4 mole percent isopentane

{(which form azeotropic compositions boiling at a temperature of from

10 about -20 °C to about 120 _°C and at a pressure of from about 2.7 psia (18
kPa) to about 199 psia (1372 kPa)). Some embodiments of azeo’tropic
compositions are listed in Table 7. ' ‘

. Table 7 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Isopentane

Tem;::%“)ature Pressure (psia) (mole %) (mole %)
-(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 10.6 404 596
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 40.5 435 56.5
60.0 53.4 44.2 55.8
70.0 69.0 448 55.2
80.0 87.8 - 455 54.5
90.0. 110 462 53.8
100.0 | 135 46.9 - 53.1 ‘
110,0 165 477 523 ‘
1200 199 486 514
15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

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

15



The vapor pressure neasured versus the conpositions in the 5 PTx cell for
Z- FC- 1336nzz/ HFC-365nfc mi xture is shown in FIG 4, which illustrates
graphically the formation of azeotrope-I|ike conpositions of

Z-1, 1, 1, 4, 4 exishexend srectpope cemposiianar8osss ambodimants of @zegyopadi cat ed by

o4 Gho TaRoslidd SRR TN sl B Bl Dt e, and
conposi ti ongizabgopediketonpobiting &k listwldlir Tapkrl9.enbodi ment s of

azeotrope-li ke conpositions are listed in Table 11. Table 10 Azeotrope-Ilike
conpositions COVWONENTS T (C) -Wei ght Percentage Range

.Z- FC-133gnzz/ HFC- 365nf ¢ -?@%M&EM C-365nfc 0 1-99/1- 99
Z- FC- 133bnez/ HFC- 365nfc 4 -365nfc 80 1-99/1-99

Table 11 Azeot ropbTMEONENS 1 one. CAVPERN B AR FRRRBHI L cont age -
Range Z- FC-1336nkz/ HFC- 365nfc -40 10-99/{10-90 Z- FC 1§§§§gz/ HFC{ 365nf c
Z-FC-1336mzz/Isopentane -40 40-85/35-60
Z-FC-1336mzz/isopentane 0 {&5-?0!30—55
| Z-FC-1336mzz/lsopentane 20 45-75/25-55
Z-FC-1336mzz/lsopentane " 40 45-75/25-55
Z-FC-1336mzz/isopentane 80 40-85/15-60
Z-FC-1 336mzﬁ!isopentane 120 1-99/1-88

Table 9 Azeotrope-like compositions

COMPONENTS { T(°C) | Weight Percentage
| | ' " Range
Z-FC-1 336mzilisopentane -40 49-58/42-51
Z-FC-1 336mzzlisopéntane | 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/lsopentane 80 | 52-77/23-48
Z-FC-1336mzz/lsopentane 120 43-89/11-57

10 1t was found through experiments that Z-FC-1336mzz and HFC-365mic
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
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0 10-99/10-90 Z-FC 1336nzz/ HFC- 365nfc 40 10-99110-90
Z- FC-1336nezz/ HFC- 365nf ¢ 80 10-90 Z- FC-1336nez/ HFC- 365nfc 120 10-90

Z- FC- 1336nez/ HFC- 365nf ¢ 160 10-90Q . It  was und t hrough .
experi nents cf%&';-??—'&?? B%%Wﬁ&"t‘?QH%QW,@-W%W%&%@&%% form
azeotropic J FERSeH ; ] : relative
vol atility %eﬁ?ghﬁ?ﬁgwf%g}@? theeg‘ltg%ﬂﬁgmggégé%ﬂghgggve was used.

The total abxwhpaesitignsdndoe el nsingPthe N&TL eduadtioown vol ume was measured at
constant tenperatur arfor various bi nar)éaco ositions. These neasurenents

were then reduced to ré%ﬁ???rb?ﬁeﬁﬁ'r”i?aﬁ‘g Y$'§HS e SAPRSSosRdN the t he cel |
usi ng the NRT{x eulriZ2RC- 183682 X/aRPC - 38 QRRUNBtIRAS WHed /&Y 3'%|4t he
C

conpositions in the PTx cell for Z-FC 1336nez/ trans-1, 2-di Or oet hyl ene

m xture is sHogh illustretas gmphigslly fibe forosaticat ebazgodnsipiectitd gombesitionsrat i on of

an azeotropi i fi -1 4.4 A4- or o-,2-but,ene and
trans-1, 2-dic§h 'gﬁg&ahéﬁg%é&ﬁ?ggﬁz%%nﬁéhér@? ég{éégn{ﬁftéq?nyxgu?% of about
64.8 nol e %idditatedlbytatnidturdSoeuBblitiore 98-roleene zand, 38,424 Hekan36ro-
trans-1, 2-di chl or oet hyl ene havi ng the hi ghest pressure over the range of

conposi t i onse-Bbtengi and abguraiqP@ mole % HFC-3G3mfed upon these findings, it
has beenncal cul at - ﬁ,‘é%@ Nans: - di-chl or oet.hyl. ene form
azeot roglgc conpos?tgﬁ)éqngﬁpéggl ng %8%3%4%%%%?33{*%% g'é%ﬁ%t?% Mbout 71.0

mol e per centTabl&d0. AQdiiddahembadiménsrofabestroé-ikeBdnpdgticedard 0 about
29.0 nol e perggd‘nt ra’ns- 12-di chl oroet hyl ene (which form azeotropic
conposi ti ons's lﬁi@bﬁtﬁa tenperature of from about -20 C to about 120 C.

and at a pressure of fro I " about 170 psia (1172
KPa)). Some enbodi ments Of"ﬁa%*fé“f Lt eailéeiéggrhéggltér?s listed in Table 12.

oscure (oo L CERBRRNT e o DR BB, Pecot v

. Range ,
Z-FC-1336mzz/HFC-365mfc | -40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc| 0 1-89/1-99
Z-FC-1336mzz/HFC-365mfc | 40 1-89/1-99
Z-FC-1336mzz/HEC-365mfc | 80 1.99/1-99
Z-FC-1336mzz/HFC-365mfc | 120 '1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 1680 | 1-99/1-99
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di chl oroethylene (nole % -20.0 1.60 62.4 37.6 - 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 63.1 36.9 30.0 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
Table 11 Azeotrope-like compositions

COMPONENTS T (°C) | Weight Percentage
Range

Z-FC-1336mzz/HFC-365mfc | -40

10-89/10-90
Z-FC-1336mzz/HFC-365mfc | 0 10-99/10-90
Z-FC-1336mzz/HFC-365mfc | 40 10-99/10-90
Z-FC-1336mzz/HFC-365mfc | 80 10-90
Z-FC-1336mzz/HFC-365mfc | 120 | 10-90
Z-FC-1336mzz/HFC-365mfc | 160 10-80

It was found through experiments that Z-FC-1336mzz and
trans-1,2-dichloroethylene form azeotropic 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 graphically the formation of an azeotropic composition
of Z-1,1,1,4,4,4-hexafluoro-2-butene and trans-1,2-dichloroethylene 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-dichloroethylene form azeofropic 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-dichioroethylene (which form azeotropic compositions boiling at
a temperature of from about -20 °C to about 120 °C and at a pressure of

18



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 71.0 29.0 Addi tionally,

azeotrope-|i i Lon taini 5C-133

rans. 1 2. i S000¢ A o8 UhE§PaF 18 B8uf iaga Ies AL SRR 1 ke

conposi t i onemddinedtOBNdzERANIE eBMPoSATTACHrIRRSY inSPiBle qpbodi nent s of
azeotrope-like conpositions_are listed in Table 13. Additional enbodinents
of azeotrope-|ike conpositi@edea’1goirenic campasitongd. Table 13

NI A a.Y Aot Dorv.cont

2 F 138orel FARGHERS, Ty SRR [ 607 oy o TR 22r]

Z- FC- 1336nz)z/ /PIRE3te i cTGssHis(sEe [0 (mole %) | dichloroethylene
CC) : (mole %)
720.0 160 62.4 - 37.6
-10.0 274 62.4 376
0.0 4.47 625 37.5
100 6.98 62.8 37.2
200 10.5 63.1 36.9
30.0 15.3 63.6 36.4
40.0 247 64.2 35.8
50.0 298 ~ 64.8 352
60.0 ' 40.3 655 345 -
70.0 53.2 66.3 33.7
80.0 69.0 67.2 . 32.8
90.0 T 882 68.1 31.9
700.0 11 TR0 30
110.0 138 70.0 30.0
120.0 176 71.0 29.0

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

and trans-1,2-dichioroethylene may also be formed. Such azeotrope-like
compositions exist around azeotropic compaositions. Some embodiments
-of azeotrdpenlike compositions are listed in Table 13. Additional .

embodiments of azectrope-like compositions are listed in Table 14.
0
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67-86/14- 33 Z- FC-1336nzz/trans-1, 2-di chl oroet hyl ene 20 65-9317-35
Z- FC-1336nzz/tra ns-1, 2-di chl oroet hyl ene 40 65-99/1-35

Z- FC-1336nez/
Z- FC- 1336nez/

trans-1, 2-di chpl
trans-1, 2-di cH

) 63-99/ 137

Z- FC- 1336nzz/
Azeotrope-1ik
Z- FC-1336nez/
Z- FC-1336nez/

trans-1, 2-di chl oroet hyl ene J.bU b
e corrp03|t|ons COWONENTS T (O M
trans-1, 2 ﬁ:iCB%P&NiHﬂ'ﬁSI ene -40 73-

tranc_1 or-oot

ei ghi
-(80}

a3/ 174

\fgé htBYEer gﬁgle

Lent age
>0 38 Range

Z- FC-1336nez/

FATSEC R A A I Ty

TN 3271 -82/1829

Z- FC- 1336nez
Z- FC- 1336nez/

e dagn e A O st e A

trans-1, oroeth

9/Lti_’l.3

= 3257.86/14-33

Z-FC-1 336mzz/trans 1.2-dichloroethylene - 65-83/7-35

Z-FC-1336mzzftrans-1,2-dichloroethylene | 40 65-99/1-35

Z-FC-1336mzzfirans-1,2-dichloroethylene | 80 63-99/1-37

| Z-FC-1336mzz/irans-1,2-dichloroethylene | 120 61-89/1-39

| Z-FC-1336mzzftrans-1,2-dichloroethylene 160 58-99/1-42

Table 14 Azeotrope-like compositions
T 1 Weight
COMPONENTS (°C) | Percentage Range

Z-FC-1 336mzéjtrans—1 2-dichloroethylene | -40 72-80/20-38
Z-FC-1336mzzitrans-1,2-dichlorosthylene | 0 | 69-83/17-31
Z-FC-1336mzzftrans-1,2-dichloroethylene 20 68-86/14-32
Z-FC-1336mzz/ftrans-1,2-dichloroethylene | 40 68-90/10-32
Z-FC-1336mzzftrans-1,2-dichloroethylene 80 66-89/1-34
Z-FC-1336mzzftrans-1,2-dichloroethylene | 120 65-99/1-35
Z-FC-1336mzzftrans-1,2-d ichloroethylene | 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 measurements were then reduced tfo 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/ HFC-245fa mixture is shown in FIG. 6, which
iflustrates graphically the formation of azeotrope-like compositions of Z-

15 1,1,1,4,4 4-hexafluoro-2-butene and HFC-245fa at 19.9 °C, as indicated
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Z- FC- 1336nezz/trans-1, 2-di chl or oet hyl ene 120 65-99/1- 35
Z- FC-1336nzz/trans- 1, 2-di chl or oet hyI ene 160 65-99/1-35 5It was found

h h Z-F FC-245f a f t ik
Compos 11 ondy TERUEs hAE! R 21 dNG Yo 2781 b A4 by esp RIS SoRARR pai 1t he
PTx nethod dagfabOQdy PRVEMBRS%BEE-2486, mwa{agﬁg%ééh?e pessure in a PTx

cell of known vol ume was neasured at constant erature for various
bi nary conpomprbmimtelvriés;ﬁiamfebkﬁahmd by wiiktireshehabecl @4t 8% neslei | i bri um

vapor and |i C itions in the,gell usi NRTL,

The vapor pr@%@ﬁ?‘eﬁ)‘%ﬁi&régwgﬂgr?ﬁ UShS r&tg‘ é?né ‘g—rtﬁgﬁl#@#éd%g‘?l for

Z- FC- 13367 2.ty apdripeds e df WpprdBinfleWn) bSiaf& kM), Whi ch i llustrates
graphically the fggrmatlon of g?eotro ewEe conp ggtlons of Z-

151, 1, 1, 4, 4, 4- hexaf | Gome- @mimtanﬂaaawgmmamm:@)sﬁms are listeti ioat ed by
mxtures of ut 1 % 11 4,4, 4- xaf uor a-2- butene and
About 79 to BORs AiBhalRmSadi R PR R et e Vb mac ol y 17
psia (117 kH@xed@-nuagg 1@ xt ures of about 94 to 99 nol e percent

Z-1,1,1,4, 4, 4- hexaf | uor o- 2- butene and 1 to 6 rmle_%HFC—245fa S5wi th vapor
pressure of appr oxi materTb1 tnemey ik aDesitient nent s of

azeot r ope- Eke fconpostttons—are-ti-stef-rn—Ttgbte—15—Add+t+orat—enbodi nent s
of azeotrope-li ke conpositions are lijsted ijn Table 16. Table 15

Azeot rope- | i k¢ CXOIMIPEGNENDSS COVPONENTS (Po()c) \Mé ahpeﬁeéﬁggém@rge
Z- FC-1336nzz/ HEC-245fa -40_.1-19/81-99 and 1 3 7-EC 1336nyz/ HFC- 245f a

0 1-22/78-99 aKdF‘@slS@@nwﬁ-lECF@%sewsz?lfg- g&%ﬂésdug?‘gﬁ‘ﬁ?ggmard
2 1330me 2) (A Bar A BCS . 9 afld 1o. b8Ph p40 and 9. 00715
Z-FC-1336mzz/HFC-245a 40 | 1-26/74-99 and 94-99/1-6
Z-FC1336mzz/HF C-245a 80 | 1-35/65-99 and 90-99/1-10
Z-FC-1336mzzHFC-245fa | 120 | 1-58/42-99 and 76-99/1-24

10

Table 16 Azectrope-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 10-14/86-80 and 97-99/1-3
Z-FC-1336mzz/HF C-245fa 40 | 10-17/83-90 and 96-99/1-4
Z-FC-1336mzz/HFC-245fa 80 10-22/78-90 and 95-99/1-5
Z-FC-1336mzz/HFC-245fa | 120 | 10-33/67-80 and 90-89/1-10

It was found through experiments that Z-FC-1336mzz and
dimethoxymethane form azeotrope-iike compositions. To determine the
15  relative volatility of this binary pair, the PTx method described above was
used. The total absoclute 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 fiquid
compositions in the cell using the NRTL equation.
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10 Table 16 Azeotrope-like conpositions COWONENTS T (C) Weight Percentage
Range Z- FC-1336nzz/ HFC- 245fa -40 10-13/87-90 and 98-99/1-2

Z- FC- 1336nezz/ HFC- 245fa 0 10-14/86-90 and 97-99/ 1-3 Z- FC 1336nezz/ HFC- 245f a
40 10-17/83-90 and JAeogPRrpressute megsedacsys fiaconpesitions metheo and

95-99/1-5 ZgRH& Z

It was found t ‘?%ﬁgﬂzeéggﬁaﬁﬁ%@d iﬁ‘ﬁeg?&%rﬁ%(h%dﬁ%@&%n’g%yg%ﬁ ﬁ?n@t hane
form azeot rtwmeﬂ ilstrategnraphicaths thelontettionrsf ercohepdSikel @mpssitkolsat i i1ty of
this bi nary@ggiﬂr t he _L? n&t hod%gescrl bed above was used. The total

absol ute pr 1d. b dad-bexalige-Zhulgnsand ginathoxmetioans pb49.8P Fonst ant

t enperat gre r k%prp%s re then
reduced to g](c?gﬁh:é%? Fglr# quﬁsgnd aa&’%ﬁ%oﬁ%ﬂs@%ﬁ g??:]g \gﬁm ng the
NRTL equati emole % Z- 1,‘1,‘!,444 Ffda)eaﬂmap@ﬂ -buiesswrel abasiut e:dggcﬁncslas%t he
conpositions,.in the PTx cell for Z-FC 1336nzz/di met hoxynethane mxture is
shown in FI @& gth% #M%-ustrates graphically the formation of
azeotrope-like ceypes ~ and

di mret hoxynet hane at 48“955{%m%§%%0;%out 6411%2% %‘%h Fa}?%%gnﬁndl cated by
m xt ures of Taibtmﬂ? 1Ad®ltt99aln¢rhbodiﬁE!ﬁ$ of azeoﬁapemkea:bmmamcmsmreene and
about 11{) 39 el'a@ get hoxynet hane. Sone enbodi nents of azeotrope-like
conposi tFon dn Tabl e 17. Additional enbodi ments of

azeotrope-|ike conposi t | omabf €7 MokbEbBE-ikB ¢ Ssifléhs Tabl e 17
hf Percent age Range

D)

Azeotrope-|i ke_conpositiois (O L
: T Weight Percentage
COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane | -40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 0 1-99/1-99
Z-FC-1338mzz/Dimethoxymethane 40 1-99/1-89
Z-FC-1338mzz/Dimethoxymethane 80 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 120 1-99/1-98
Z-FC-1336mzz/Dimethoxymethane | 160 1-99/1-99

Table 18 Azeotrope-like compositions

T | Weight Percentage
COMPONENTS (°C) Range

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

15 It was found th'rough experiments that Z-FC-1336mzz and

cyclopentane form azeotropic or azeotrope-like compositions. To

determine the relative volatility of this binary pair, the PTx method
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Z- FC-1336nez/ D net hoxynet hane -40 1-99/1-99 Z-FC 1336nzz/ D nmet hoxynmet hane 0
1-99/1-99 Z-FC- 1336nzz/ Di net hoxynet hane 40 1-99/1-99

Z- FC- 1336nezz/ Di met hoxymet hane 80 1-99/1-99 Z-FC 1336nzz/ Di net hoxynet hane
120 1-99/1-99 Z-FC- 1336nzz/ D net hoxynmet hane 160 1-99/1-99 Table 18

Azeotrope-|jke.co Sitl i P Range
Z-FC- 1336 @%ﬁﬁﬁ%%ﬁgﬁﬁ%\]ﬁ%%%g?@%g%sgg PR TECRRE hogy met hane
(C): i?’gg/ 5- ?%&_nﬁmﬁ@oﬁh Bﬁ@mgﬂr@éaﬂrbd&}?mmdtan’ﬂe#m@awﬁd o Sarigugbinary
- t - - - - i
ez corrrnepos%i)é%gie’%he%nmeeaggre?negn?s/ \?ve?eS th%anFr%d%jg’gc? {Toz eZ)c/qi.J[i)l'il:}q"}autn'r]1 oxyfmet hane

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

5 The vapor pressure measured versus the compositions in the
PTx cell for Z-FC-1SSpmzz/cyclopentane mixture is shown in FIG. 8,
which illustrates graphically the formation of an azeotropic composition of
Z-1 1 1 4.4 4-hexafluoro-2-butene and cyclopentane at 49.97 °C, as
indicated by a mixture of about 83.9 mole % Z-1 1 ,1 4.4 4-hexafluoro-2-
10 butene and 36.1 mole % cyclopentane 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 cyclopentane form azeotropic compositions ranging from
about 64.2 mole percent to about 74.4 mole percent Z-FC-1336mzz and

15 from about 35.8 mole percent to about 25.6 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.
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120 5-95/5-95 Z-FC- 1336nzz/ Di net hoxynet hane 160 5-95/5-95 151t was found
t hrough experinents that Z-FC 1336nzz and cycl opentane form azeotropic or

azeotrope-|i ke conpositions.

bi nary pai
pressure i

r,
n a PTx cell

of
for various binary conposi

To determine the relative volatility of this
the PTx nethod described above was used. The total

_ Eg% xol u[rre Was rreaﬁurg

absol ute

d at constant tenperature
s were then reduced to

equi | i bri um VApSGa@ T1]qUT Alze@mpRsi t 1 opFa-n38Bezeel | Oygiopentame NRTL
equati on, 5THERRAHPT ESPHER MBaRMed Velfdf %he COnpoghslieons in the PTx
cell for Z-FC- I 3nzz/cyc| opent ane mxture is shown in FIG 8, which
il lustrates—gra atty LIIUI atTonTof ang eotTOPT T~ T sttion of Z-1
1,1 ,4, 4—4-heX 'Quoro 2-but gtg%o and \,yL,I up§§ are—at—49: o%gag ndi cat ed
by a m xt ure—of—ahbut—6 Yoo bt A AA-hexat "502 10 butene
and 36.1 nol.e (10 ("\l("' npnf 2& o st v'\r ess Lﬁ% O\vlel‘ he range
of conpositions 1810 1. hi s term@?;ﬁalrp B38ed |mnn th 4find gs, it
has been cal cul 0éd t hat| Zz- FC13@6nrz and cy8B&pent ane f ordf. ézeotr pi C
conposi tiops ramgithg frdm abod6.664. 2 nol e pédfent td aboudt.34.4 nol e
percent Z-FC-1336rmzz and b fr@fdabout ;35. 8 @&Bl7e percent t36.8dbout 25.6 nole
percent cycl opepd ape (whi ch f@gpm azeotropl ceg@rposi tions dinling at a
t enper at ur £ 0ff5pqiN aboul - 20g5t0 _aboyt 15088 gand at a prggsure of from
about 1.7 psia ‘6%)‘Q kKPa)yto aoqtgq 302 psia (ég 52 KI-’a)). SOg& genbodi ments of
azeotropic buup tons—are-i |5%L7:'u 1 Tabt CEA% Tapte J.tjgs-\gfem ropi c
conposi ti ops tr-opi-e—Ferpetgtpre (€ —Azeptroprc—Press
Z- g}é 1336ngz /W;%bﬂd O/r\P Cyiel oger??’ nel zri! e 005.1 50 o L ’_ru%—;g\ngéa - 10.0
2.98 63.9 361 F0P 92.8 5.8 342
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-
tike compositions are listed in Table 20. Additional embodiments of
azeofrope-like compositions are listed in Table 21.
Table 20 Azeotrope-like compositions
Weight Percentage
COMPONENTS T (°C) 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-1336mzz/cyclopentane 80 72 -99/1-28
Z-FC-1336mzz/cyciopentane 120 70 -99/1 - 30
Z-FC-1336mzz/cyclopeniane 150 68 - 99/1 - 32
10
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4.86 63.7 36.3i 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 60.0 43.1 64.2
35.8 70.0 56.7 64.6 35.41 80.0 73.2 65.1

Table 21 Azeotrope-like compositions

COMPONENTS T Weight Percentage
| (°C) Range

Z-FC-1336mzz/cyclopentane - 20 80 - 86/14 - 20
Z-FC-1336mzz/cyclopentane 0 80 - 87/13 - 20
Z-FC-1336mzz/cyciopentane 40 80- 90/10 - 206
Z-FC-1336mzz/cyclopentane 80 80 - 95/5 - 20
Z-FC-1338mzz/cyclopentane 120 80 - 85/5 - 20
Z-FC-1336mzz/cyclopentane 150 80 - 89/5 - 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 amounts and thereafter combining them in an
apprbpriate confainer. |
The azeotropic or azeotrope-like compositions of the present
16 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, a'nd
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 azeofropic 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-
pentaflucrobutane, trans-1 2-dichloroethylene, 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 azeoiropic

or azeotrope-like composition and thereafter evaporating said azeotropic

25



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 25.61
Addi tional ly, azeot rope | i ke conpositions containing Z-FC 1336nzz and

cycl opent an&rriggotibpe-lilke coamrasdiorsiidheadeoity opthe b@gy tobposdledpns 5 exi st

composi 1| onoV e s Baeh R R RO RRINE SHapSsfbe dPRekiEaently
azeot r ope- | idfg-¢dmpasy 4-hensaflas -2 butak endﬁa&rﬁpaaenﬂ@?éﬁea@roﬁ%@rope like

conposi ti ons COVMPONENTS T (C) Vi ght Percentage 1 Rangel
Z- FC- 1336z Areye copsiptingef maghyl formate, pentane, 2-methylbutare, 1,1,1,3,3-

5 pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process using an -
azeofropic 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-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane. A

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 propellant, 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 methy! formate, pentane, 2-methylbutane, 1,1,1,3,3-pentaflucrobutane,

20 trans-1,2-dichloroethylene, 1,1,1 ,3,3-pentéﬂuoropropane,
dimethoxymethane and cyclopentane.

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

25 ofZ-1,1,1,4,4 4-hexaflucro-2-butene and a component sélected from the
group consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3
pentafluorobutane, 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 comprises using an
azeotropic or azeotrope-like composition as a fire extlngulshlng or
suppression agent, wherein said azeotropic or azeotrope-like composution
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-
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77 - 86/14 - 23 Z-FC 1336nzz/ cycl opentane 0 76 - 87/13 - 24
Z- FC-1336nzz/ cycl opentane 40 74 - 90/10 - 26 Z-FC 1336nv¥7/cycl opentane 80

72- 99/1 -28 Z-FC-1336nez/ ¢cycl opent apne, 120 70- 99/1 -30 1
72 FC 1536m MY EIORRR i 1o RS GG BLtgre, Hans Tharchciaromfuen®pe. | | ke
conposition q:(%\@_ i [
Z- FC 1336nz§/1:’yb 'ogent a@eoyfé%aggi 8@1%7tf»§:x9ﬁ1% % t@ﬁgg‘é%%w@{)gl opent ane 0
80 - 87/13 - 20 ArkthéBetbodincyrd! ofthistinnentith PRvidR/ d Proce@Bbising an
Z- FC- 1336nez/ cxcl opent anel80 8(})(- 95/5 - 20 Z-FC-1336nzz/ cycl opent ane
azebtropic or azeotrope-like composition as dielectrics, wherein said
5 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, Z—methyibu'tane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafiuoropropane, dimethoxymethane and cyclopentane.

10
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120 80 - 95/5 - 20 1 Z-FC-1336nezz/cycl opentanel 150 80 - 99/5 - 20 The
azeotropic or azeotrope-like conpositions of the present invention can be
prepared by any conveni ent nethod including mxing or 5 conbining the
desired amounts. In one enbodi nent of this invention, an azeotropic or
azeotrope-li ke conposition can be prepared by wei ghing the desired
conponent anounts and thereafter conbining themin an appropriate

contai ner. The azeotropic or azeotrope-like conmpositions of the present 10
invention can be used in a w de rangejgfimappl i cations, including their use
as aerosol propellants, refrigerants; solvents, cleaning agents, blow ng
agents (foam expansion agents) for thernoplastic and thernoset foans, heat
transfer nedi g, P L ok ti ngui shing and suppression
agents, pomerabfg?éﬁgggﬁ?hgbﬁﬁéﬁggéa%ﬁpéﬁ%@?zation medi a, 15particul ate
renoval fl ui ds{akéri1,érd .4 iaksfludrofd-bugnabandi ve agents, and di spl acenent

dryi ng agents. e e diment of this inventi rovi de r.ocess
for prebar ng’ 40} hdrhprairtiosroinesnutdefy bR T sBoBELER bl Ses
using an 3zesdrtaPhA cMecBEMNbORE!foHE af IFREFbHE-IKe BSMBINRLIOMWI tAgant
wherein said 20 azeotropic_or azeotrope-like conposition consists

essent i al I'y1.df4.%4-hexafluono-2-buleng. hexaf | uor o- 2- but ene and a conponent
selected frompth # I Skd ; -I ; d

2ot hyl but ang, 10 P2groRE e toBodtionNBE ki 1 SofEing BESARY of from

, 2- di chl or oet hylter®® waighliperteni3Z-3;1, b, dfheyailepodpbuiene dinddrdm ©Prietthane and
cycl opent ane. 25Anot her enbpdi t o his Lovention, provides,a process for
pr oducf{ﬂg refri d%?'gw%?{ceqih‘gqﬂgg'@?ﬂ%@‘%‘%‘%@ e’é’bﬁ%ﬁ%ﬁ?& % a&?eot ropi c or
azeotrope-|ike cempesatuiodrf fedif -4heC egh berceysiadonigditiondilirgzgot ropi ¢ or
azeotrope-like conposition in the vicinity of the body to be cool ed,

wherei n sai d azebfferepre npdewpostt Popsure Red dghpleiaintsresvrgiostessdiaent i al | y

of zZ-1,1,1,4,4,4; - ected fromthe
group consi sti nge%@(?rge%%}%f&%??rga%og{}g%@ﬂ%a%ebﬁgp%m%%@{eéne, 1,1, 1,3, 3-
5pent af | uor obGt akerodasatisrdreBarhg a tteroephadiie e thembsigt a8 comprising

taf | di met h th I t , t he. di t
0 1 hi 55 rvent | eI ) PaRa ot GUeP GRS aA SRBOrGRTe 01 G2GRIT oper |1 ke

conposi tion as a;&RkréeBllike WBRTPBSHOR FoHsidkesbanhlly ¢fiZ-azepurope-1i ke
conposition consists essentially of Z- 101,1,1,4,4, 4- hexaf | uor o- 2- but ene
and .a conponenthexgfldetoedrbptang ande! .drlodg-REvuprebigan®. net hyl for mat e,

pent ane, 2-rngt hyl " : f bt ;

trans-1, 2-di c%l 2’?( Bme%?g%%‘?m%éf@T%?'%gﬁgéﬁtcgw&%?’gp@@g?ﬂ%'?gé".”mst hoxynet hane
and cycl opent aneazeatrophbdike enhpoisitontandftheteiafier evaporating gaideizdesope-lkwocess
for .15 producing an aeros roduct... The cess C ri ses_using an

azeot rz?)i c or az F?%%équ ﬁ”ﬁbe @t‘f%tgsqftﬂi‘%HOQE{O%%P%%gﬁ’r@ﬁ?@méei n said
azeotropi c or azgeictepe-likekenpRERmesidohsiBtscatehaily gssent1 ald,y- of
Z-1,1,1,4,4,4- hexafluoro-2-butene and _a conponent selected fromthe group

consi sting of netexAflupEr-Zbuteneit hiiel -3 2-pRAtaRH SRR HRBE-

1,1,1, 3, 3-pentaf t A0l Szﬁgi aG- Gl h ; Ivent
1,1, 1,3, 3- penzséf'él\ &gé%érgo(%gﬁ)g,sg%i LEnst %ﬁ?r%r%%%e%ér)lﬁs c%ﬁ@%ﬁeﬁ? gnsg.ven ’
Anot her enbodi mewherefn $dit sizeovepa-ikencgmpesitiers cengiste esseniially o Zan azeot ropi ¢

or azegirope-like,comositi as heat transfer, nediga, erein said
azeotrg%)i c or az‘gatqr ’ eéh?@gﬁ%' é}itefqeoﬂn%gﬁsi,§t3§p%r§§§%cer}g§ﬂ5§)ez5 of
Z-1,1,1, 4, 4, 46hex ptdairsdoprodlieing adrgbrésdl prgute sbmpekiegiuathd &®m t he group
consisting of nethyl forpmate, pentane, 2-nethylbutane, 1,1,1, 3, 3-

pent af | uor obut ar@Ze0tioRRIke COMROSHIPBASER RAPENRT Whereln saig azeotrope-like

pent af | uor opr opafigno it BRSIE badftiapPdr 2YC4 apeAUANSaNABRL MBLIcHPAM ment
of this invention provides a process tor 30 extinguishing or suppressing a
fire. The proceshidodpriantaflupsolgang azeotropic or azeotrope-like

czootrSbi o or Tazagl s PIREEsg B SRR S Ou R fon P 1ERE
Z-1,1,1, 4, 4, 4- hexaidfeomedid; hieese saidchzaotroppdike sbmpekitioh ednéistsm t he group
consi sting of nethyl formate, pentane, 2- nethyl butane,

1,111, 313-pent af | uor obut ane, trans-1, 2-di chl or oet hyl ene,
1,1, 1, 3, 3-pent af | uor opr opane, di net hoxyzrérget hane and cycl opent ane.



Anot her enbodi ment of this invention provides a process using an azeotropic
or azeotrope-like conposition as dielectrics, wherein said 5azeotropic or
azeotrope-li ke 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-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 opentane. 10 CLAIM5S 1. A
conposi ti on consdsgbhiidiyassgentiiph uys-réxafluato-2-butene and 1,1,1,3,3-
Z-1,1,1,4, 4, 4- hexaf | uoro- 2-butene; and 5(b) 1,1, 1, 3, 3- pent af | uor obut ane;
wherein the 1, 1 rentefBuopenitane.uor obut ane is present in an effective amunt

to forman azgot AN (ar=l ' : i i

71,1, 1, 4, 4, 4- ﬁéx’ggﬁ%&%@-%E@#g%g?’p?%Haézsgoh?rao%rg-%m@'Sc':%grrﬁjg'sﬂigtaimon of

cl ai m 1 consi st iargotrspediké abinposifioh rem firetaxtioguiskinglor spppresaion agent,
Z-1,1,1,4,4, 4- hexaf | uor o~ 2-butene..and from99 to.1 10weight rcent

1,1, 1, 3 3-pent af"ﬁ?ﬁfﬁ@b’?ﬁ'%ﬁé‘?" EOer?Fﬁ(@tceomg%sd“%?orhsfsjt%eF%%%ﬂyif)ﬁ?é of from
-40C to 160 C, s@i d,s0mpesidiuen-Daviae enhdli ff £8Snsentaffudtebutanent pressure
and bubbl e point pressure of |ess than or equal to 5 percent based upon the
bubbl e poi nt Pr &SBIAGESS SOMRIiBING MSTY %?Z%t%ﬁ“ﬁ‘g@%ﬁ@%@f%ﬁ 9@&?%’"‘&

t her noset foan13ﬂﬁg i S1.1 Wple" ; sl di ybion as a

bl owi ng agent, erépﬁﬁ@g?%éggggfygﬂgﬁﬁﬁﬁgﬁggﬁgg§#?PgﬁﬂggﬁgFggs essentially
of Z-1,1,1, 4,4, 41 Nexdf-wabiuardeibetencaant! 1,111.3,33pSuguarabytaoeobut ane. 4. A
procesi for producing refrigeration conprising condensi ng an azeotrope-|ike
conpos'?ion and thereafter evaporating said azeotrope-like 20 conposition
inthe vicinity of the body to be cool ed, wherein said azeotrope-I|ike
conposition consists essentially of Z-1,1,1,4,4,4- hexafl uoro-2-butene and
1,1,1, 3, 3-pent af | uor obut ane. 5. A process conprising using an
azeotrope-li ke conposition as a solvent, wherein said azeotrope-like
conposition consists essentially of Z- 251,1,1, 4,4, 4- hexaf | uoro- 2- but ene
and 1,1, 1, 3, 3-pent af | uorobut ane. 6. A process for produci ng an aerosol
product conprising using an azeotrope-like conposition as a propellant,
wherein said azeotrope-like conposition consists essentially of
Z-1,1,1,4,4, 4- hexaf | uoro- 2- butene and 1, 1, 1, 3, 3- pent af | uor obut ane. 307. A
process conprising using an azeotrope-li ke conposition as a heat transfer
medi a, wherein said azeotrope-|like conposition consists essentially of
Z-1,1,1,4, 4, 4- hexaf | uoro-2-butene and 1,1, 1, 3, 3- pentafluorobutane. 8. A
process for extinguishing or suppressing a fire conprising using an
azeotrope-like conposition as a fire extinguishing or suppression agent,
Swherein said azeotrope-li ke conposition consists essentially of Z-

1,1,1,4, 4, 4-hexafl uoro-2-butene and 1,1, 1, 3, 3- pent af | uorobut ane. 9. A
process conprising using an azeotrope-|li ke conposition as dielectrics,
wherein said azeotrope-like conposition consists essentially of
Z1,1,1,4,4, 4- hexafl uoro-2-butene and 1,1, 1, 3, 3-pent af | uor obut ane. 10
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