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destruction of strat ospherl c ozone, but- are of concern due to their
contribution to the "greenhouse effect”, i.e., they contribute to gl obal
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future. Thus, theF@id@féhﬂéhScfcmumrrpole ons that do not contribute to

t he dest rg.xctl on ofrhstrato pheri c ozo e and al so have | ow gl obal warmn ng
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i ncludes eight different types of azeotropic or azeotrope-like m xtures.
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azeotropi c der aawacempetsl ﬁok&enmfarsatsm tdmpodntds] 3IREAY dustries hdyd S
di scl osure atl so%qo i des cocgp sitio nsi sting essentially of (a)
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ozone, but are of concern due to their contribution to the "greenhouse
effect’, i.e., they contribute to global warming. As a result of their

contribution to global warming, the HFCs have come under scrutiny, and
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Thi s disclosure al so provides a conposition consisting essentially of (a)
Z- FC-1336nzz and (b) dinethoxynet hane (CH30OCH2OCH3, nethylal); wherein the
di met hoxynet hane is present in an effective amount to form an

azeot r ope- | | KEMWIkEBpISag Use map@lasbetirited in the foire. BhssIthererie aal so

id it ] i iall Z- FC- 1336 d (b
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50.1 C. IG&%: 3?’1%@%??1%6&%5%&%%%%{@ %@ﬁ\@g@ﬁﬁg@%otg}og S-azeot rope and
20 azeotrope-like conpositions consisting essentially of Z-FC 1336nzz and
pentane at a tenperature of about 19.9 C FIG 3 - FIG 3 is a graphical
representation of an azeotrope and azeotrope-|i ke conpositions

consi sting.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-1li ke conpositions consisting essentially of Z-FC 1336nzz and
HFC- 365 OC at a terrperatureS A 9+ 30 FIG 5 - FIG 5is a

gr aphi cal” representati on of Ko ba:1-S 8 2a 72 Bdfefe- 1 i ke conpositions

consi sting essentymik! 5 'ﬂté%@ L ans- 12- 4] thylene at a
t enperature of abou% a?gﬂ%at?grlzﬁlgl g%hgﬁg Pééﬁﬁip%@afé%%#t&qqg%pr esentation
of azeotr opeadddtpedikeavixiimss consi sting essentially of Z-FC 1386nzz and

HFC- 245fa at a te@eé@e{tq&lre of about 20,0 C. 5FIG 7 - FIG 7 is a graphical
representation of ‘43 QY RrRWdes Rrgampreition sonsising mgsestialiv of(a} y of
Z- FC- 1336nzz7 19t ' .0 C FIG 8
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azeot r o8- | inesenhipari effertyecamsist ioforesreazéardyic of aZebFopaRarz and

cycl opent ane at t of about 50 C. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 15mggture Wﬁ?nﬁsﬁn‘ghgagﬁ%ﬁ-cati ons, the use of a pure single

conponent or an apqedistlbsure aldd BRIVIGREa!ldd ﬂiﬂiﬁéﬁn‘éiéti#qeéééﬁm ﬁ For
exanpl e, when a bl owi ng agent conposition S0 known as ¥ 6am expansi on
agents or f odriReLdp<i3sermezengs (k) endaneswheteia thripentsinegk pressmament or an

azeotropic 0, Fd m xture, t.he conposition may change during
its appli catzalg‘ o%ﬁ?ﬁﬁ%héerhggﬁ%of%f% HYy P oLds _Ol'g&gﬁtreﬂg— & THBWHsLt i on
coul d deori neDi1@3IsmAadf f ect processing or cause poor perfornmance in the
application. Also, in refrigeration applications, a refrigerant is often

| ost during oper athigdlisdesiigialseakwides sleampasitidrs commisiing essentiallpns,

sol dered 25 jQlLntS-Al ' ol dditipn the refrigerant may be
rel eased to é{fﬁépgtﬁ: n%‘g”l‘é#é&?rgﬁeﬁr}# h@meﬁﬁ\e’ﬁgﬂ?& @?%%Qﬂ?%& "m?g?’é’ftgf"‘ger ation
equi pnent . lifopdreanefis passeanin &8 offelctive BECRIN itO &y ﬁﬁrﬁi@&%gicoér an

azeotropic or_azeotrope-|i ke conposition, the refrigerant conposition nmay

change when 328okopedikednedyrgryia Z-6Ct haStnabsphere fromthe refrigeration

equi pnrep. 30 Th 3 LR, i g si.tion may.cause th

refri germasnt to bggggrrg“ aém@%baﬁéeé gﬁ'%%&%@%@#%@?ﬁﬂé’% P%“?}e’rﬁ‘é‘ﬁ?’or mance.
Accor di ngl y,of (Bh&reCi1838ntanardiad (b)us g3 Azpettafpbometamz eot rope- | i ke

m xtures in her. applications, for exanple azeotropic or
~azeotrope-| i 3@1&&%&@?& ggﬁ“ggﬁ[‘ﬁéiﬂhﬁ@ﬁlthﬂ,%% il in present fiugane
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enbodi nent s descclr?l:ged beﬁg@%ﬂggﬁe&%@e@g alﬁ(ga'gli'e tlﬁﬁezgﬂgrzdﬁig‘:l#?qrﬁﬁz_.
FC- 1336nzz may exTiys digclopureafise wooides agongidsiticn cosgiotic esderiallg-
FC- 1336QRz as u?g&(?elr isn r ef equrz?to thﬁ ia,o rs, Z-FC- 1336nzz or -
E- FC- 1336ne2 48) G 412 el )nté@'?sbf &- chiprRetivianss wharein theomers.  As
used her ei N, ridre1 LEABRIISARPIENESS preS e RN Mikiive dGLABTom ag _ |
10" i ncl udi ng, has, havi ng" or "any other variation lflhereo¥, are intended
to cover a rAzROSRPIGST szeotfpariiemixiBoe withadshiCe 1336mzacess, net hod,

article, or apparaf:.us, Q i.ses,a List of .elenents.is not necessarily
linmited to only tmg§'%$€$+g%taggiﬁfc §° B tipmernsisting gesenilly expr essl y
listed or i rdfgapRtFCO 3380406 €951, 1MERIBgen @l fes, Fur ther,
unl ess 15expr§s§l y stated to thgﬁ)f:ontraryﬁeqorpbggg?gﬁ?g@g%cﬁﬁcg?ﬁ%lve or

and not to an exclusive or. For exanplep a condition A or Bis satisfied by
any one of the followng: Ais true (or present) and B is false (or not
present), Ais false (or not present) and B is true (or present), and both
A and B are true (or present). _
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20Al so, use of "a" or "an" are enployed to describe el enents and conponents
descri bed herein. This is done nerely for convenience and to give a general
of the jnvention. This description should be read to

sense of the Q
“nel ude one W CoAdbiakwhasa Bedir Ge24dfa g pEaseant dvan mflecties atteeinptair al

unless it i j il LSE. _25Unl ess ot herw se

defi ned, al ﬁog@ﬁ%‘%ﬁ&@ﬁdhéecmpﬁa\%h%Fﬁ%%@i@zﬁerei n have the sane

meani ng as commorillyis disttosiire alsdyroviiesdh c@ﬁﬁidg{dehr é&;r:iéiétid%eélééb?sﬁ%p& to which
ials si

this invent |(§rt gglfﬁgg Al t hough net hods a

equi val ent tY {Bh6dd-desBMBANG & limethexysecthons (C:QGHM G ce or testing
of enbodisme . tq:d I I Omet heds..and material s
are descrsi bgg(%mfati))\tiv%ﬁ%ﬁitﬁgldii*é%;(%}s]@fagﬁgﬁ% gg%)s%q%égspt?ﬁ%?uﬁtents, and

ot her r ef er earoegntrierivin medatestmpe-lkeenixices pithZ-8¢-vy38@ELerence in their
entirety, unless ﬁ]gar tC'¥ cul ar passage is cited. In case of conflict, the
present specificatldf'® Cfﬁ’:i’@(ﬂ‘%bp@é’fqeﬁ R CoRwpositign corsistingopssentiabyidi ti on,

the materi alg, (=1 0] I ' Y Y 4and not intended
to be imt icﬁé?m F@q%%%ﬂg%lgﬁ?%@z&??%ge%ﬁ%%ﬁé%ﬁb@Uﬁ,&@%ﬁ@? ts preparation
met hod has bwelopéntaricisqutesént ineareffdativel amblubt torendn 4a8dtieaé bpn No. 5 -

60/ 9262 [ EL1346 US, P file L1/26/ 2007, hereby incorporated by
r ef eren3§ i rﬁqepgogﬁﬁkp%_ture Wﬁjh %%3 ¥Z%ation includes azeotropic or

azeotrope-li ke conpositions conprising Z-FC 1336nzz. In sone enbodi nents of
this invention, the conposition consists 1l0essentially of (a) Z-FC- 1336nzz
and (b) nethyl formate; wherein the nethyl formate is present in an

effective anount to f [ e-like mxture with
Z- FC- 1336nez. : %ﬁﬁﬁ@ﬁmgﬂﬁﬁ%@mﬁ%m on, the conposition
consists essentially of (a) Z-FC 1.336nzz and (b) pentane; wherein the

pentane i s lopresent in an effective anount to forman azeotropic or
azeot r ogé- | ifle. fi-ftIG 4 igia graphiual 1gBesentation of arl azsoinepeeatddi ments of this

i tion, t Lt i st tiall f Z- FC- 1336 d (b
| Sopent ane: TrerSPR FReMeittn e casntal o ZFFeiidtrantint 1o
form an azeahetopi forpate8t 8260bePRErd bkapdlpddinecn th Z- FC- 1336mi z.

In some enbodirnents of this invention, the conposition consists
essentially of (a) Z-FC 1336nzz and (b) HFC 365nfc; wherein the HFC365nfc

IS present ifj=an _ Y J form.an eotrope-like mxture with
Z- FC- 1336nzzm§5?nq§gseﬁg %r%%%%‘ gé%ﬁe S%H{%’Oinn Al FEFPURRE D nposi ti on
consi st 20es seebirapbilikefconaposttidits ¢ty esskritlly of Z-FC-1336mzz and
trans- 1, 2-di chl or oef hyl ene; wherein the trans-1, X di chl oroethylene is

present in AFNEANSRL 7 WIMRRAHEE PHABIHASDI “Gzeot ropi ¢ or azeotrope-like
m xture wth Z-FC 1336nzz. In sone enbodi nents of this invention, the
conposition consists 30 essentially of (a) Z-FC 1336nez and (b) HFC 245f a;

wher ei n t'he AHBC34HI6. i3sispr geepihtical nepresehfatiohi ofearpaBattrofedah®r M an
azeotrope-|i X i Z! FC-1336nrz. me enbodi nents of

eot I _ke{n'tth%evmth ; . In_so
thi s i nvent iBROTPRBIKE HOSLReSiienT eonrgisting aessentialiyiof Z-6€- 1336nzaand 336nz 2

and (b) 26i mesdppnramd gggqém\gé%ﬁir - {drgtdpoxynet hane is present in an
effective anmount to forma azeo??o%g?'i!ﬁe@% ?’?ure with Z-FC 1336nzz.
I n sone enbodi nents of this invention, the conposition consists essentially

of (a) Z-FCg33 d (b) cycl gpentane; wherein the 5 cycl opentane is
present in aé{éeg%ﬁa‘ae'saqé[ﬂﬁf-"?ag reReRealationefiazaotiorsrikez eot r ope- | i ke

m xture w t cofgdsitkhddFiisisting essddtia®y bESLEEe] RIHHLY ol 1 unt,
whi ch, when e oloisfing ¢ 1336rrzwz, oI ahd T aes e
azeot ropi ¢ crtegmssaiopef aboke5Ri0RGre. This definition includes the anpunts
of each3?onponent, 10 which anmounts nmay vary dependi ng on the pressure
applied to the conposition so long as the azeotropic or azeotrope-like

conposi t i onFIGO6t-iFIGe stie ygiaphicdl réhesthidiRnestaPiese@Sandut W th
possi bl e different &Ri ling paoints. Therefore, effective anount includes the

amount s, sudfEaEORBYKBCOPrELARCONSISinG assitialy|of ZpECe BitmEsandf each
conponent of 4 bey L I tdn tjon which form
azeot ropic grrahgz{e'gfdf"g@% bgfeg‘%sr%gsﬁe%r{éﬂ%%%ﬁp&gx gpu{r ' or pressures

ot her than as descri bed herein.



As recognized in the art, an azeotropic conposition is an adm xture of two
or nore different conponents which, when in liquid formunder a 20given
pressure, wil| boil at a substantially constant tenperature, which

t enper at ure WS- beFKPghis a graphiceirepresentation of breotromeviies at ur es of the

casent i ai 1y LannerHans eERIN Serdhe I B T e st ERR AR TP aer AR A 2boi | i ng.
(see, e.g., MmperafpbefiavoandoM9e, Mal 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 giv p r t il 1 point of the Liquid copposition is fixed
and thatﬁ}he#@?&%bg!% ﬂﬁs %%F%mg@a{ﬁme%%@ O fed %‘?tlr‘?ﬁ?g[’]%)nposi tionis
30essent i al | gorhpaditiohs tbrsietsy absemmili oY FYbdscaRAg tion (i.e., no
fractionation of the conponents of thé |liquid conposition takes place). It
i s al so recogficikexymethraeata lempersbing ofrabdsdi 56.63Cpoi nt and the wei ght
per cent ages of each conponent of the azeotropic conposition nmay

change when the azeotropic conposition is subjected to boiling at different

35 pressureskIGUsFI@rS azagtaphital repraxstithiion offay Recflepé Agd i n terns of
t he uniné e relationship that exists anong the conponents or in terns of

the conpdsi tF2FAIOPEieeorBPosifians 6RPEIFERE ©ssentialiyt ef a4k Cofl 336mez angi ght

per cent ages ﬁ%ﬂf ) . i ktlon characterized by a fixed
boi | i ng poi n(%fcé.t a asrgéég??:@gbg?getgéé‘u?gﬁngﬁ@ hg' pur pose of this invention,
an azeotrope-like .conposition 5means a conposition that behaves |ike an
azeotropic conposition (i.e., has constant boiling characteristics or a
tendency not to fractionate upon boiling or evaporation). Hence, during
boi ling or evaporati oA RfPPisERIPTION Or SUPATENMSN | T they change
at all, change only toamrnrmat or-nmeghrrgrbte—extefrt—HHs IS to be
contrastl® w th non-azeotrope-like 10conpositions in which during boiling
or evaporation, the vapor fmag | i qui d conpositions change to a substanti al
degree. - AddTTBRAPPPIC %ﬁ&ﬁ)@sﬁi @ RRpIRgIeicenpanemt BT endew poi nt
pressure andsAuded) ! WD sV RLLS LY u ifferential.
That 15 to c R B B S P B SRR WP bl e
poi nt 15pr es¥owingaagenigiaraposidom éalas knews s fdzem @xpaBsibn \w@ents of fodimi S

i tion, it it.h a diff i in d t d bubbl
“poi nt pr essUPRoNF A LEIRPRSTORS) BAIRIE RU Sl TR IR G AR BULDI &
poi nt pi2@ss wregzaosroperidet@beard %@@Oﬁmﬁtfd?‘pﬁ'a&idﬁ%}zﬂgétddrﬁlgrif‘sc09ni zed in

a

this field that when the relative volatility o syst &m appr oaches 1.0,

the system i@ Rigetiorin he foermioining paceess. opuch chamge bt campesitise

conposi tion. i led | is the ratio of the volatility of
conmponent 1 %doa?# ﬁ%{rv}{ﬁ(;?')e{l%ki?:atﬁﬁc%%{ro&%ﬁﬁ'gﬁe%Caé’.seﬁ?@rr QS’T.@PCFH%¥|?\%I e
fraction of spplioatemenlsd, in vemgerativrt A8flidations ' rékrig8rdriifs ¥fbAidd: Ly of Lhe
conponent. To determne the relative volatility of any two conpounds, a 25
met hod knowfﬁgg'gtwrﬂi’?”ﬁm%@& leaks %Sb@féé.ea!sn obe sopnedtisths; epldehed t ot al
absol Ut 98P G5B End BrAF e Ofin SAHbr! Ch B bR AR B Beaded RN, o,

tenperature‘tor various conpositions of

Met hod i s destoisbhdre dureg ahdintemahBbarecauidsi & FaffiydratiBh QeRfsmERS irIn"
Wl ey-| nterSﬁi en%_e Publ i sher, 1970,. \ﬁritten by Harold R Null, %ﬁtsgg pages
124 to 126; ‘REFEBPSIaRIE fOf R eFnglercareperent thereazanitopicoent s can be

converted i ow'l_' i I QU itions in the PTx cell by
usi ng an ac?éiévéi ty ?J’e f?%é?agg’uﬁ% ﬁglrflﬂi%%gf ?&g’ggﬁ't‘ég W%CQBWWWBm

Two- Li qui d (lewkeg oedisaharged tot theratprospbrte foguitt miggsranonicdedirénes. Use
pf an a%bl_ ylererﬁoaeff' Ci er%t. equation, such as the N equation is des_crl bed
in detaPP in PerRRATGSPRISTIgRrapt cerwesitionymay faugs the refige@ntiton, publ i shed
by MG aw Hig AhieRa } rf?d& I RDEL i : 241 to 387,
and in " Phaseéog%??i britgaléidr?\Q%th{le,ar\i"iB al Elﬁgfgneer|r§g%{f&gﬁ%€%s%§%%§@ng&

But t er wor t h thets issheeed fanggng wzevtrepichyr Steottape-ite Whttases inapese 165 to

244. Both af i ref erences _are hereby incorporated by reference.
W t hout Wi shﬁ“é%%tf Eggg‘g%t#%’d‘%@'a‘?ﬁf"?ﬁ‘&oﬁ?%mﬁ%i aﬁ%é)fmﬁ-“k% mbdurRg i eved
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 | uor o- 2- but ene- cont aigni ng conpositions of the present
invention and can therefore predict the behavior of these mxtures in

mul ti-stage separation equi pnment such as distillation colums.

It was found through experinents that Z-FC 1336nezz and nethyl 15 formate
form azeotropic or azeotrope-like conpositions. To determ ne the
relative volatility of this binary pair, the PTx nethod descri bed above was




25 conposition consisting essentially of Z-FC 1336nzz and nethyl formate as
I ndi cat ed byam’xture of about Zoggglg% % ot h f . e
Z-1,1,1,4,4,4 exafl nol e me ormat e havi ng

hi ghest pr es%‘m ﬂé"ﬁg ge’éﬁ I RpEOEeNEhEL- QFS@hﬁl@HG ef-&Cure. Based
upon these fifghhgs, it has been cal cul ated that Z-FC 1336rrzz and et hyl
formate 30 forma ot ropi ¢ conpositions ranging from about 25.4 nole
percent to about 15 6 m)l e percent Z-FC 1336nzz and from about 74.6 nole
percent to about e percgnt me hyI formate (which form azeotropic

conposi ti ons boi | Qr%? resatiserd Wb?tﬁjme&ﬁo@@serme@@!@%@@m{e 100 C

and at aSPretéﬁﬁé%rQHe?ﬁé’dT})ﬁE%ﬁfea 4 pSI a (10 kPa) to about 113 psia (779
kPa)). Sone enbodi nents azeotropic conpositions are listed in Table 1.

Table 1 Azeotropi ECcﬁﬂﬁcmmagﬁﬂﬁaﬁmnpm t\ﬁercpaﬁ@kmhenéﬁbomwt&' epi c
Lo o PSR TS st el 020 2B o Shmimty U
- 20: 0 9.64 23 £063368070ad el 228y 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
' cbver a non-gxclusive inclusion. For example, a-précess, 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

inheren@ to such process, method, article, or apparatus. Further, uniess

15 expressly stated fo 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 fat_se
(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 fo
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 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 one of
ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the present invention, suitable

30 methods and materials are 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 conflict, the present specification, including definitions,



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 89.0 16.8 83.2 100.0 113.3 15.6 84.4 5
Addi tionally zeotrope-li ke conpositions containing Z-FC 1336nzz and

met hyl for rraM?ﬁ%@,lfcw ) abéi_t*par Hﬁmaﬁféﬂisaﬂeﬁtod@pengiamm??g@:ﬂ ons. exi st
conposi {1 ons ERLEfFEBRrd NS BART IBRES: enodt ment s o
10azeot rope- | i ke ZaMpaSidnunsisar ndive cophpdunfiahhg iR drepatalirtméthod
Azeot rqpe-l | lt('igs %gﬁ%szsictiéggds, fgrqgfa?n\lgllg,risn -Lrj.é.ci;atent Application No.
S 60/926283 [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 (a) Z-FC-1336mzz and (b) methyl forméte; wherein the
methyl formate is present in an effective amount to form an azeotropic or
azeotrope-iike 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  presentin an effective amount to form an azeotropic or azeotrope-iike
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  azeofrope-like mixture with Z-FC-1336mzz.

In some embodiments of this invention, the composifion consists
' essentially of (a) Z-FC-1336mzz 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) frans-1,2-dichloroethylene;
wherein the trans—T,2-dichioroethyiene is present in an effective amount to
form an azeotropic or azeotrope-iike 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



Wi ght Percent age Range Z- FC-1336nzz/ Methyl formate -40 1-99/1-99

Z- FC-1336nzz/ Methyl formate 0 1-99/1-99 Z-FC 1336nezz/ Met hyl f or;mN"teehZP
1-99/1-99 Z-EC- 1336nrz/ Met hyl formate 40 1-99/1-99 Z-FC- 1336nzz t hy
formate 80 1‘-1'@@]‘69’9\5“?319@31 Bepaest Wb aR affecivasreountdo forpy an-azgotspanl e 3

e 30 TR SRR, T L oL el Fodce
10- 90/ 10- 90 Z- FC- I3&fime amisdiyientosfitaleink@niion 9Bk ldnIbshidrcdmasge 2/ Met hyl
formate 40 sentially of (a) Z-FC-1336mzz and (b) cyclopentane; wherein the
5 cyclopentane is present in 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 appiied to the
composition so long as the azeofropic 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 temperatures 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 boliling temperatures of the
individual components, and which will provide a vapor composition
essentially identical to the overall liquid composition undergoing boiting.
(see, e.g., M. F. Doherty and M.F. Malone, Conceptual Design of

25 Distillation Systems, McGraw-Hill (New York}, 2001, 185-188, 351—359).

Accordingly, the essential features of an azeotropic composition 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



10-90/10-90 Z-FC- 1336nezz/ Methyl formate 80 10-90/10-90 Z- FC-1336nzz/ Met hyl
formate 120 10-90/10-90 It was found through experinents that Z-FC 1336nzz

and 10 pentape form azeotropic or azeotrope-|ike conpositions. To determ ne
the rel gt i velhPotUDPP$itignarapees oblheroynpanents eren pesmeref asactdesight bed above

[ f _kno I
moasurod at | COSeTTaC gsr b fie BornsliEn o Brmp R R TThece

measur ement sfive bollihg polrtdt aespeicificdqprildshre um vapor and | i quid conpositions
in the cell using_the NRTL equation. The vapor pressure neasured versus the
conposi tions in th8f &W@%@ of tis iInvendiors asmzeniepedite ¢armpesitons shown in

2o o 3008 L (B OB e e 2P © o1

Z-1, 1, 1, 4, 4, Haheandtandbollify kbhaeuterstids nemd @élﬁie’ﬁc?/lﬁt% facBonatBdipopt ed by a
m xt ure of o.vt 50.0 mole % Z-1,1,1, 4,4, 4-hexaf[ uoro-2-butene and 50.0.
mol e % pent Zﬁ%‘ ‘m%"%apﬁ‘@t’?ﬁii GRBSE. %Fé%%@?ﬂém@\ﬂé're\talﬁ’@fa@ﬁg&@f/ab@'{molsl ti gns
at this te i . S5k b f ing | 2n_cal cul ate
That 2 FC. 1330ty ot cpmp SR, Wnoy charBe it Banat bob 3R FAS™ T r om
about 48. 2 nmoégligitieceent oftab b i@cﬂnmtmdwﬁnaoh-a&eﬁﬁoét&ﬁ@f vﬁndhf][C)m
about 51.8 15 nole.percent.to,about 41.3 nol e percent pentane i C orm
. azeot roéiog c%?fBBQW'BBﬁé” B’%‘fqtﬁ ying b‘%ﬂ“’ﬁ@rﬁ’)’&"@tﬂ?f‘%‘%\_‘v the yarebaid lig@idc to
about 120 C éiifloasifBnBicABALE & Alsubt@litiahalrde 2 PSia (15 kPa) fo about 182
psia (1255 kPa)). Some enbodi ments of azeotropic ‘conpositions are listed in
Tabl e 4. 20 25 30Aduiiignelly, azestropeike amnpositibheeghibitelziw ppint plengues at ur e

f g)o ézgf)tzgog%ﬁ% Bg%t%%u{x%a{ grseisg&rezﬁygi?v%?&aqu r%o bgensoslu?e (g?ffel:r)eegttiaei‘.n efh(artr?sl t% "

say that the difference in the dew point pressure and bubble point

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 system is defined as forming an azeotropic or
azeotrope-fike 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 fo 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 "Phase Equilibrium in Process
Design”, Wiley-Interscience Publisher, 1970, written by Harold R. Nufl, on
30 pages 124 to 126; hereby incorporated by reference.

These measurements can be converted info 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,

8



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 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 62t04reB§es%nf'ﬁqédSp%a%Jng@n%ealities. 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 Hill,
written by Reid, Prausnitz and Poling, on pages 241 to 387, and in "Phase

5  Equilibria in Chemical Engineering,"” published by Butterworth Publishers,
1985, written by Stanley M. Walas, pages 165 to 244. Both
aforementioned references are hereby incorporated by reference. Without
wishing to be bound by any theory or explanation, it is believed that the
NRTL equation, together with the PTx celt data, can sufficiently predict the
10 relative volatilities of the Z-1,1,1,4,4 4-hexafiuoro-2-butene-containing

compositions of the present invention and can therefore predict the
behavior of these mixtures in multi-stage separation equipment such as
distillation columns. _

it was found through experinﬁents 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 compaositions in the cell using the NRTL
equation. |

The vapor pressure measured versus the compositions in the PTx
cell for Z-FC-1336mzz/methyl formate mixture is shown in FIG. 1, which
graphically illustrates the formation of an azeotropic and azeotrope-iike

25 composition consisting e'ssentiaily of Z-FC-1336mzz and methyl formats
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 compasitions 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 to about 100
°C and at a pressure of from about 1.4 psia (10 kPa) to about 113 psia

g



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 58.7 41.3 - Additionally, azeotrope-like conpositions containing

Z- FC-1336nzz 5and pentane nmay al so be forrhed. Such azeotrope-Iike

conposi t i ons{7éRikEta)arSaine embesimepic olaredtstpic snmpSiinnsardidiateint s of
azeotrope-lirsmgqnpositions are listed in Table 5. Additional enbodi nments
of azeotrope conpositions are listed in Table 6. 10 15 Table 5
Azeotrope-1|i ke conpositions COWPONENTS T (C) Wi ght Percentage Range

Z- FC-1336nez/ Pent ane -40 60-75/25-40 Z-FC- 1336nezz/ Pentane 0 60-80/20-40

7- EC- 1336nzz/ Pent ane Table 1 Azeotropic compositions
Azeotropic Azeotropic Z-FC-1336mzz | Methy! formate
Tempofg)ature Pressure (psia) (mole %) (mole %)
-(20.0 1.38 25.4 74.6
-10.0 2.40 : 25.2 © 748
00 3.97 24.8 75.2
10.0 . 6.30 243 75.7
20.0 0.64 : é3.7 : 76.3
30.0 . 14.3 : 22.9 77.1
40.0 T 205 221 779
500 28.7 212 788 .
50.0 T 392 202 79.8
70.0 524 18.1 80.5
800 589 18.0 82.0
90.0 89.0 ‘ 16.8 83.2
100.0 113.3 156 84.4
5

-

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 fisted in Table 3

15

10



20 60-82/28-40 Z-FC-1336nez/ Pent ane 40 60-85/15-40 Z-FC 1336nrz/ Pent ane 80
55-90/10-45 Z-FC 1336nzz/ Pent ane 120 45-99/1-55 b5Table 6 Azeotrope-like
conpositions COWONENTS T (C) Wi ght Percentage Range Z-FC- 1336nzzJPent ane
-40 62-70/ 30-38 Z-FC-1336nrz/ Pentane 0 64-74/26-36 Z-FC- 1336nkz/ Pent ane 20
64-76124-36 Z- FC-1336nrzJPent ane 40 64-78/22-36 Z-FC-1336nrz/ Pent ane 80
62- 84/ 16-38 Z-FC- 1336nrz/ Pentane 120 57-99/1-43 . It was found

t hrough experinents that ZTEQE@&@@@?OQQ%{&%&P@%S]C orm azeotropic or
azeotrope-|i ke conpasitions o _det ermne e relairve volatility of this

bi nary pair, tHe PTx method described aboye
COMPONENTS T(°C) | Weight Percentage
- Range
Z-FC-1336mzz/Methyl formate -40 1-96/1-99
Z-FC-1336mzz/Methyl formate 0 1-89/1-99
Z-FC-1 336m;z/ Meth}l formate 20 1-99/1-99
Z-FC-1336mzz/Methyl formate | 40 1-56/1-99
Z-FC-1336mzz/Methyl formate 80 . 1-99/1-89
Z-FC-1336mzz/Methyl formate 120 1-99/1-89
5 Table 3 Azeotrope-like compositions
Weight Percentage |
COMPONENTS T(C) Range
Z-FC-1336mzz/Methyl formate 0| 10:60/16°50
Z-FC-1336mzz/Methyl formate 0 10-90/10-80
Z-FC-1 336mzszethyl formate 20 10-90/10-20
[ Z-FCA336mzz/Viathyl formate 40 10-90/10-90

Z-FC-1336mzzMethyl formate 80 |  10-90/10-00
Z-FC-1336mzz/Methyl formate 120 | 10-90/10-80

It was found through experiments that Z-FC-1 336mzz and
10 pentané form azeotropic or azeotrope-ikke compositions. To determine the
relative volatility of this binary pair, the PTx method described above was
used. The total ahsqlute pressure in a PTx cell of known volume was

11



10 was used. The total absolute pressure in a PTx cell of known vol une was
measured at constant tenperature for various binary conpositions. These
measurenents were then reduced to equilibriumvapor and liquid conpositions
in the cel | Raasyrenst sRmtaeempesature for various binafheomppsitions €5isesee

measured ver td n the 15 PTx cell for Z-FC,1336nez/

i sopent ane mﬁ%&@émgﬂg@% ﬁh%“#?@’c%d ?WHHE”PVU@ fdhi cal Iy the
formation of campaeRRine R ehansl @giﬁgtth@NRTL@i} ua§i@APosi tions of

Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene " and i sopentane at 19.9 as indicated by

a mxture of about 401G VaROs pyeSBUTe Maasyedaerbiestiid conpegtibus entheand 60. 0

nol e % 1 sope hest. pressure .over the
conpos?tls%nsﬁ’g?(nﬁﬂg}{?r%b 1?@?8‘@53%5 @Jn % ﬁﬁg\gnﬁn ﬁréé gsWRICth has been
cal cul ated t HiakstratdeGorapBasaiy m@fuﬂma@ne&t@ﬂazé@trdﬂ:@éﬁetarz%h% eqikeosi tions
rangi ng fromabout 37.1 nple percent to about 48. ercg

Z- FC- 1336ne z CaniPosition eansisting 2sgeniplly gbZcbit! 4.4, dabemﬂuﬁ)lo& hnﬂeeleper cent

from 10 about CZeiAd PEEES LI B T BARE b 2 PalR pr et O R 2. 7 i &
(19 kPa) to #bhdtt 4&94mkaﬂl(dr372fb&@be)an@®mm RIBO Y BB Hﬂa%eq{a\%fﬂié opi ¢
conposi t1(gns are listed in Table 7. Table Azeot I’OEI C conpositions

Azeot r op QP[ﬁSéU(et?V%fé&faBsﬁ@fm@smw@r(spﬁlt !)Sign’FF(GFQMGnZZ (mole %
| sopentane (nole cYci) - 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 é'é)s'e@l tﬁ%n th%ge%n%%g%,‘]ﬂ%as 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
16 mole percent to about 41.3 mole percent pentane (which form azeotropic
‘compositions boiling ata 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

12



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 46.9 53.1 110.0 165 47.7

Table '4 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz Pentane
Temp;eg)gture Pressure (psia) . (n‘pie %) (mole %)
-(20.0 2.20 1 482 T 518
-10.0 3.70 489 511
0.0 591 . 495 50.5
10.0 9.07 . 501 49.9
20.0 13.4 50.7 49.3
30.0 19.2 512 48.8
400 26.7 51.8 482
50.0 T 36.2 523 477
60.0 48.0 52.9 471
70.0 62.4 53.6 46 4
80.0 79.6 543 45.7
90.0 100 55.1 449
1000 124 56.0 440
110.0 151 57.2 428
120.0. 182 58.7 41.3

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

10

15

13



52.3 120.0 199 48.6 51.4 15Additionally, azeotrope-like conpositions
contai ni ng Z-FC-1336nezz and isopentane may al so be formed. Such
azeotrope-1|ike conpositions exist around azeotropic conpositions. Sone
enbodi ments of azeotropel ke conpositions are listed in Table 8. Additional
enbodi nents of azeotrope-like conpositions are listed in Table 9. 5Table 8-
Azeotrope-li ke conpositions COVWPONENTS T (C) Wi ght Percentage Range

Z- FC-1336nez/ | sopent ane - 4TzB 55866 eZ:kE &hd sopent ane 0
45-70/ 30-55 Z- FC—LS%@HEZ—Z-/—I—S@pem-ann 20 2h- -

(C.1336nrz/ | sopent ane
40 45-75/25-55 V- FC-1336nez/ I sopef\t ane 80 404185/ 15- 60 e cbrmposi ti ons
éol\:/gc]{j?éﬁ'?gz'zr/ |(~°é§’ PEBMPONEATS 99/ 1-99  T40e8) Y (FEQM PRk
Range
Z-FC-1336mzz/Pentane -40 60-75/25-40
Z-FC-1336mzz/Pentane 0 60-80/20-40
Z-FC-1336mzz/Pentane 20 60-82/28-40
Z-FC-1338mzz/Pentane 40 60-85/15-40 .
Z-FC-1336mzz/Pentane 80 - 95-80/10-45
Z-FC-1336mzz/Pentane | 120 45-99/1-55
5 Table 6 Azeotrepe-like compositions
Weight Percentage
COMPONENTS T (°C) 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 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.

The vapor pressure measured versus the compositions in the

15 PTx cell for Z-FC-1336mzz/ isopentane mixture is shown in FIG. 3, which

ifiustrates graphically the formation of an azeotrope and az:eotrdpe-iike

14



Wi ght Percent age Range Z- FC-1336nzz/| sopent ane -40 49-58/42-51

Z- FC-1336nzz/ | sopentane 0 53-65/35-47 Z- FC- 1336nzz/| sopent ane 20
53-68/32-47 Z-FC-1336nezz/ | sopent ane 40 53-71/29-47 Z-FC- 1336nez/| sopent ane
80 52- 77/ 23-gpesHiprEseichriz] | dopdriersél upro-24BuBekandsigopattahe avd$.§ ound

compost t 1 one O 18 ek nEaitpd RBPolr A0 Liolt 15 41 v hAd i nary pai 1t he
PTx net hod desafiibed2ahoye: was 60sEehold 96 |§d§e€#itaﬁé’ﬁ9{nH %@'h fe in a PTx

cell of known volunme was neasured at constant tenper ture or various
bi nary corrpd%’?ﬁ‘-ﬁﬁé—weﬂﬁlé%@W&%@f&@ﬂmﬁiﬁcma&hih&mpem& to equilibrium

vapor and liquid co t ell., using the, NRTL The
vapor prgssure masur?%%é%gﬁgﬁéﬁ‘%? %s'fﬁ pﬁa{q%atgd%%ia%g@ fo

Z- FC 1336rrzzLBSEﬁ(i—zB&5airfSDp@htﬁn€f©rmSaz&wapz¢ BoHp@sm{’ons\f\Ek‘)gm iffdyist r at es
graphically the formation of azeotrope-like conpositions o

7-1,1,1, 4, 4, OHéQZf|G@J%Pgi%ﬂ&@b@tﬁ&&ﬁwgmr@eatzm -1386mag anddi cat ed by

a mxtures hexaf.l. uoro - but ene and

about 1 to ggon%%%%égﬂ%@g%ﬁg c%n%;ét}r%&t #dgd'ﬁﬂérﬁegc%'?t 'RORS! ?Bﬁe li ke

Conposi t i ons(wam forsit &zbotroplabbepdSitiond dicklingnal a (IFRSEiIRBLT [im

azeotroqﬁ gsitions are isted in Table 11. Table 10 Azeotrope-|ike
t'Mon

conposi outy 208C A 3e? pesssige oRfiegrabout 2.7 psia (19
Z-FC 1336“4@5\5% 3880t $99#4ia (1372 kPa)). Some embodiments of azeotropic

compositions are listed in Table 7.

. Table 7 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1338mzz | Isopentane

Tempo%r;ature { Pressure (psia) (mole %) (mole %)
-(20.0 2.72 37.1 62.9
-10.0 4.47 38.3 ' 61.7
0.0 701 39.4 60.6
10.0 106 404 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
60.0 534 442 558
70.0 69.0 44.8 55.2
80.0 87.6 455 54.5
50.0. 110 4832 53.8
100.0 ‘ 135 46.9 - B3.1 \
110.0 765 477 523 |
1260 199 486 51.4

15 Additionally, azectrope-like compositions containing Z-FC-1336mzz

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

15



1-99/1-99 Z-FC-1336nezz/ HFC-365nfc 0 1-99/1-99 Z- FC 1336nezz/ HFC- 365mlc 40
1-99/1-99 Z-FC- 1336nez/ HFC- 365nfc 80 1-99/1-99 Z-FC 1336nzz/ HFC- 365nfc 120
1-9911-99 Z-FC- 1336nez/ H FC 365m‘c 160 1-99/1-99 Table 11 Azeotrope-like
conposi t i onsXEINIPONEIESSTtr oy pyisitioPwy. Samhe gentRadirgents of azeotmpe-

%JS@%ES%%@%@@%%@%%&%&% G oA g B iS Bhe o/ HEC- 365t ¢
80 10- 90 Z- RzebbdherikeHidmpositions dré0ist8d 9 Table 9.

5 Table 8 Azeotrope-like compositions
COMPONENTS T (°C) | Weight Percentage
| | Range
Z-FC-1336mzz/Isopentane -40 40-65/35-60
Z-FC-1336mzz/lsopentane 0 45-70/30~55

| Z-FC-1336mzz/isopentane 20 45-75/25-55
Z-FC-1336mzz/isopentane 40 45-75/25-55
Z-FC-1336mzz/lsopentane 80 40-85/15-60
Z-FC-1336mzz/isopentane 120 - 1-89/1-89

Table 9 Azeotrope-liike compositions

COMPONENTS | T(°C) | Weight Percentage
| | |  Range
Z-FC-1336mzz/isopentane | -40 |  49-58/42-51
Z-FC-1 336mzzlisopéntane 10 53-65/35-47
Z-FC-1336mzz/Isopentane 20 53-68/32-47
Z-FC-133B8mzz/lsopentane 40 53-71/28-47
Z-FC-1336mzz/lsopentane 80 | 52-77/23-48
Z-FC-1336mzz/isopentane 120 43-89/11-57

10t was found through experiments that Z-FC-1336mzz and HFC-365mfc
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



Z- FC- 1336nezz/ HFC- 365nf ¢ 160 10-90 It was found through
experiments that Z-FC 1336nmez and trans-1, 2-dichl oroethyl ene form
azeotropl c or agrzﬁie ttﬁope- i ke conpositions. 5To deternine the relative

vol atility of%% MREFafuRaor Vg?‘ﬁés YRR ENS: | heéseabove was used.
The total abgpl measured at
const ant te&?ﬁ?%ﬁ?@%%ﬁﬂ%ﬁ?{ﬁ%ﬁ@é%tﬂi‘;brg{?ﬁ Rgpgk#ﬁ?ggﬁfmasurenents
vere then redoropdsitionsiguhe icetliusing theol Rifidedjiistiond conpositions in the cell
usi ng the NRTL equattﬁé: 10The va%or pre e nmeasured versus the
conpositions in the VaRe! PressY E%ii??suﬁﬁhﬁémm@%ﬁWI iBtt hyl ene
m xture iss spgwRe|l o Lok ormation of
an azeotropic coﬁposrll:zft anﬁ%?‘g@ 1, 1Ft1:' %1@5 Z&ﬁ\%g(tgf a]l%togrhow %‘u%ﬁeé "and
trans-1, 2- th!%riM@W%gt@p@]ﬂ%ﬁ@ the Gorraatiomdf ezdatcbpayiilee m;mtpumoﬁi& about

64. 8 | % 5h fl 2- d 35. %
transml) (23 dléfrﬁl'"albit‘ih‘%/#é}?é(a HQFC?)% ‘qLﬁg‘r‘%la@ﬁg'gééﬁr@ne agnﬁ‘}r%t Qﬁ/érct ﬁ% range of
conposi ti onsindicatdy Sy E%Rﬁjrééwf%bout 1 tc) g mo%a%egi °P4t4‘@§'%x%hl]9&' ngs, it

has been cal cul ated that Z- FC1336nzz an trans-1, |chldr oet ene form
azeot ropic c&bﬁ@ﬁawébwﬁn‘btmggﬁm@m%wﬁﬁ mmfcrml e percent to about 71.0

nol e pe nt Z- FC d from,about 37.6 m t .to about
29.0 mol' percent %0 ?{g%é%%g%ﬁﬁ er%@mﬁpsﬂﬁe(%m@?'%%gﬁ g%??(ﬂ)l c

conposi t i onsTaE! in@daitional eMpRURhERE Of addodBpalpgt ut 120 C
and at a pressure of fromabout 1.6 psia (11 kPa !é%oonga %%R%%%’me a (1172
kPa)). Sone dstedin habies lof azeotropl c conpositions are listed in Table 12,

Tabl e 12 Azeotropic corrpo%-l niC Tee ature (t) Azeotropic
Pressure (psia) Z-FC 1336n77 K& GOrHPOYIIQ RF or oet hyl ene (nole %

- 20.0 1.60 62.4 35O%PO&!%I\PI‘§ 4 62 “ 371'((3“(%' Weight Percentage
| Range
Z-FC-1336mzz/HFC-365mfc| -40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc 0 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 40 1-89/1-99
Z-FC-1336mzz/HFC-365mfc | 80 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 120 '1-99/1-99
Z-FC-1336mzz/HFC-365mfc| 160 |  1-99/1-99

17



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 70.0 53.2 66.3

33.7 80.0 69.0 67.2 32.8 90.0 88.2 ) .
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-385mfc 0 10-99/10-80
| Z-FC-1336mzz/HFC-365mfc | 40 10-99/10-90
Z-FC-1336mzz/HFC-365mfc | 80 10-90
Z-FC-1336mzz/HFC-365mfc | 120 | 10-80
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 fotal 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 fiquid compositions in the cell using the NRTL equation. _

10 The vapor pressure measured versus the compositions in the PTx
cell for Z-FC-1338mzz/ 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-dichioroethylene at
50.1 °C, as indicated by a mixture of about 64.8 mole % Z-1,1,14,4.4-

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 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



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-like conpositions containing Z-FC 1336nzz and

trans- 1, 2-dighl or,oet hyl ene y al.so be f d. Such azeotrope-Ilike

conposi tions @ iasqougaoéjﬁﬁ‘aa@gd‘i%g?@B%ﬁgggﬁﬁ%ﬁgnﬁn@)eﬁ%&i nent sd_of
azeotrope-|i QiRask Ids | Hidhs! 2R ﬁﬁ : i.t{opnal enbodi ments
of azeot rope%IﬁibEe con%tgs???gﬁgﬁgrdgﬁf%’% SI% alt%@"lﬁ\.ggrefia e 13 7
Azeot rope-|i ke conpositi onsTaiRPNERESFpicQonVigadiiidnger cent age Range

Z- FC- 1336ne gHt+ans-12—ei-ght-ef-eet-hylene-~40_/1-82/ 18- 29

Z- FC- 1336nz b/ t PHROIPPE: (i dh| dheRatiiRiGne o BT 8336mag |  trans-1,2-
Z- FC- 1336nzk/ t YHRRETEIVE]i dhPrrsserdipsak 20 eBres/%) 35 | dichlorosthylene
Z- FC- 1336nek/ tran6C}, 2- di ¢hl or oet hyl ene 40 65-99/1-35 |  (mole %)
Z- FC-1336neg/ tr ar@01 2- di ¢hl or oéidtyl ene 80 62.4 : 37.6
-10.0 ©2.74 62.4 37.6
0.0 4.47 625 37.5
10.0 6.98 62.8 37.2
200 105 63.1 36.9
30.0 15.3 63.6 36.4
40.0 | 21.7 64.2 35.8
50.0 299 T 648 T 352
60.0 40.3 65.5 345 -
70.0 53.2 66.3 33.7
80.0 69.0 672 32.8
80.0 - . 882 68.1 31.9
100.0 11 T e 310
110.0 138 70.0 30.0
120.0 170 71.0 29.0
9 Additionally, azeotrope-like compositions containing Z-FC-1336mazz

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

embodiments of azeotrope-like compositions are listed in Table 14.
0
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63-99/1-37 Z-FC-1336nez/trans-1, 2-di chl oroet hyl ene 120 61-99/1-39
Z- FC-1336nzz/trans- 1, 2-di chl oroet hyl ene 160 58-99/1-42 Table 14
Azeotrope-|ike conpositions CC]VPC]\IENTS T C) V\él ght. Pegcent age Range

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

Z- FC- 1336nez/[ttrat

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

trans-1, 2-di

Z2-dTchtor UELIIyI ene—0—6

t hrough exper

H:E: i 2-d ichl oroet hyl ene 20 ds- 86/ 1 eﬁ't Percentage
s anor 47 2-dthl otost byl ote 80 Gela0iilad e
tzi‘ﬁﬁs3@3@“§F’é’ﬁﬂ§:ﬂo%'ﬁliﬁhl@fmmﬂ@ﬂ65- 9 |- 3571-82/18-29 s
A e S I I )
Z-FC-1336mzzftrans-1,2-dichloroethylene | 20 65-83/7-35
Z-FC-1336mzzftrans-1,2-dichloroethylene | 40 65-99/1-35
£-FC-1336mzzftrans-1,2-dichloroethylene | 80 63-99/1-37

1 Z-FC-1336mzz/trans-1,2-dichioroethylene | 120 61-99/1-39
Z-FC-1336mzz/trans-1,2-dichloroethylene 160 58—99/1-42

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

Z-FC-1336mzz/trans-1,2-dichloroethylene | 40 | 72-80/20-38
Z-FC-1336mzz/trans-1,2-dichloroethylene 0 69-83/17-31
Z-FC-1336mzzftrans-1,2-dichloroethylene 20 68-86/14-32
Z-FC-1336mzz/trans-1,2-dichlorcethylene 40 68-80/10-32
Z-FC-1336mzzfirans-1,2-dichloroethylene 80 66-99/1-34
Z-FC-1336mzzftrans-1,2-dichloroethylene | 120 65-99/1-35
Z-FC-1336mzz/trans-1,2-d ichloroethylene | 160 65-99/1-35

10

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 & PTx cell of known volume was measured
at constant temperature for various binary compositions. These

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/ HFC-245fa mixture is shown in FIG. 86, which
ilustrates graphically the formation of azeotrope-fike compositions of Z-

20

1,1,1.4,4,4-hexafluoro-2-butene and HFC-245fa at 19.9 °C, as indicated



HFC- 245fa form azeotrope-1like conpositions. To determne the relative
volatility of this binary pair, the PTx rret hod descri bed above was used.
The total absoluyte pressure in of known vol unme was neasured at

constant tenPeruxtyras giabophi t@L?é? iBS’iOIlﬁa?@ Z;-dn’pésdl 4 homexaflioes@-tudevasur enent s

were then re Y 0 itions in the cell
using the NR%%egagﬁ%%%é H%flé wg‘iﬁ%g’éﬂh %@gg??%o z?iured versus the
conposi ti onsapprokineateyx1 Tedik (1 OF kEanCari@BW“ﬁ&furéEGf 2B5LRoMX BYRoleS Shown
in FIG 6, which | | ustrates gr formati on of azeotrope-Iike

conposi t i onsP@et Z1lghif, ‘144"'@?‘31&9@(3@%?‘6 gndhite RenaledHrECIMEYa at 19. 9

g 101, in? Za\;&, ﬁ E%r ﬁ"gré%w u#; r’{g’Qan e&’b% FEW@? ol e % HFC- 245fa wi t h

vapor pressure of apPome embetiynerits p bacobirdpelikRecongrstitiong st igtasinof about
94 to 99rm 4. 4- hexafl uoro-2-butene and 1 to 6 nble %

HFC- 245f a 5 1§pg&dd5&°§§@%'m@08fm%fﬁrcaf>am@pﬁ -ixeprapestioneale  Some

enbodi ment s ﬁ]jte@ma@%!gp,%vl i ke conpositions are |listed in Table 15.

Addi ti onal enbodi nents of azeotrope-like conpositions are listed in Table
16. Table 15 Azeotrope-| i Kebisip dsidatmape:-i pESTISNd (O Wei ght

Per cent age Rapge—Z+c-1336A72-HRG-245fa—40-1-19/81-99 and 97-99/1-3

Z- FC- 1336nez/ HFC- 245fa 0 1-22/78-99 and 95-199/ 1-5 Z- FG- 1336nez/ HFG- 245f a 40

1- 26/ 74- 99 and cEBYINEGTE- FC 1336mezAH : - - di -

90- 99/ 1- 10 Z- EC-1336mr 2/ HéC— 245fa 120 1@3/ 4?"%@@%@%@@?%2’% Tabl e 16

Azeot r ope- 1 i ke Zeb@ﬁl@GmZﬂHFCQA?EIBJENFS 40(0Q Yioght-SBelrreedl-99¢]-Rarge

Z- FC- 1336nezz/ HeC-—2454-a ' \ !
— | Z-FC- R rrhrc 2450 0 1-22/78-99 and 95-99/1-5

Z-FC-1336mzz/HFC-245fa 40 | 1-26/74-99 and 94-99/1-8 '

Z-FC-1336mzz/HFC-245fa 80 | 1-35/65-99 and 90-99/1-10

Z-FC-1336mzz/HFC-245fa 120 | 1-58/42-99 and 76-99/1-24

10

Table 16 Azeotrope-iike compositions

COMPONENTS T (°C) | Weight Percentage Range
Z—FC-1'336mZZ]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.
£-FC-1336mzz/HFC-245fa 40 10-17/83-90 and 96-99/1-4
Z-FC-1336mzz/HFC-245fa 80 10-22/78-80 and 95-99/1-5
Z-FC-1336mzz/HFC-245fa 120 10-33/67-90 and 90-29/1-10

It was found through experiments that Z-FC-1336mzz and
dimethoxymethane form azeotrope-like compositions. To determine the
15 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.
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10-13/87-90 and 98-99/1-2 Z-FC 1336nzz/ HFC- 245fa 0 10-14/86-90 and
97-99/1-3 Z-FC- 1336nzz/ HFC- 245fa 40 10-17/83-90 and 96-99/1-4

Z- FC- 1336nez/ HFC- 245fa 80 10-22/78-90 and 95-99/1-5 Z-FC 1336nzz/ H FC-245fa
120 10-33/67-90 and 9@ 9aparpressure measured| veraas thecothpositiongln theper i ment s

ot er i ne. tHo MGt bPLEr4E oI T PR L aext R e R SRl he PR et hod

descri bed ahghvieh mgtramlgra‘p'hﬁ:aﬂiyttﬁé R fRiont & apzfe%‘i iHQC@'ﬂﬁJ@%&%' of

known vol une was neasured at constant terrperature or vario I nary
conposi ti onsdf Tﬁés‘b‘h‘?ﬁ%*f\ﬂxéﬂ\éﬂftos&b@i@a ARdh dnre&tlmmajheqelat #9000 vapor and

liquid canp I n atio The
vapor prgss%ﬁg%@;@&?&bg% ‘TFE% 3%”3543 EftF HHESPeC nf@ﬁ?”&éltp %or

Z- FC- 1336nz ahdliertist Boxy ied, mwaemm;m@ b@temoawu laBoE! G0 89 M&b@)& illustrates
graphical ly Chhe format | | on of azeotrope-like conpositions of

Z-1, 1, 1, 4, 4, 4mgHexymeshane. but ene and di net hoxynet hane at 49.99 C 5and

about 22.5 psia of about, 1.to 99 nole %
7-1,1,1, 4, 4, 4 hexs’adfiﬁl;%%rﬁﬁqozq[@%t%&ngf %%&W%y‘e“%% Pg5itians e isted if
di net hoxyrretmﬁsmmnemab@mnsedmemé oA 228birope-kbkonsseaRsisidaans are

listed i 17 Additional enbodi ments of azeotrope-like
conposi t1Bon§'3<t;ﬁde'”b‘L(ﬁ%I%t1§d in Table 18. Table 17 Azeotrope-like conpositions

COMPONENTS T (C) Wei ght Pe;rabglqv;lg\eﬁegﬁ.ggg !ﬁ%'ﬁ@g’gﬂ%ﬁ D net hoxynet hane -40

1-99/1-99 Z-FC-1336nrz/ D TOX

Z- FC- 1336nzz/ O net hoxynet hane 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-1336mzz/Dimethoxymethane 40 1-99/1-89
Z-FC-1336mzz/Dimethoxymethane 80 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 120 1-99/1-99
£-FC-1336mzz/Dimethoxymethane | 160 1-99/1-99

Table 18 Azeotrope-iike compositions _

T | Weight Percentage
COMPONENTS (°C) Range

Z-FC-1336mzz/Dimethoxymethane | -40 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane 0 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane 40 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane | 80 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane | 120 5-05/6-85
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

22"



40 1-99/1-99 Z-FC 1336nzz/ D net hoxynmet hane 80 1-99/1-99
Z- FC-1336nzz/ Di et hoxynet hane 120 1-99/1-99 Z- FC- 1336nzz/ Di net hoxymnet hane

160 1-99/1-99 Table 18 Azeotrope-like compositions COWPONENTS T (C) Wei ght
Per cent age Range Z- FC- 1336 nzz/ D net hoxynmet han e -40 5-95/5-95

Z- FC-1336nzz/ Di met hoxynet hane 0_5-95/5-95 7-FC-1336nwz/[.Di h th 40
5. 95/ 5. 95 Z09CIBSABRRS Wﬁé’ﬁﬁ%x%iﬂg%l@é’sgb%%pg@pgzeﬁz £ el e hpxymet hane

2 FC 1336l R X R 8B 8urbd ht ot nrktird Ao DRy ioxymet hane

compositions. These measurements were then reduced to equilibrium

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

5 The vapor pressure measured versus the compositions in the
PTx celi for Z-FC-ISSPmzz/cyclopentane mixture is shown in FIG. 8,
which illustrates graphically the formation of an azeotropic composition of
7-1.1 1 4.4 4-hexafluoro-2-butene and cyclopentane at 49.97 °C, as
indicated by a mixture of about 3.2 mole % Z-1 .1 ,1 ,4,4,4-hexafivoro-2-
10 butene and 35.1 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 azectropic 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.



151t was found through experinments that Z-FC 1336nzz and cycl opentane form

azeotropi c or azeotrope-like conpositions.
volatility of this binary pair,
absol ute pressure in a PTx cel
constant tenperature for various binary conpositions.

The t ot al

wer e then reduced to equil

These neasur

usi ng the \ar\| om 0 T

conposition gpﬁ@bﬁTX fﬂlE &%@b C §§ C open(% %ﬂ?n ture
in FIG 8, Ef’ Y&tra Ssiﬂr%ﬂ? %I ly t'HE mat i flf zeot
conposition nf A 4-hexafl ugro-2-hi te_n_g_a d-cyclopent-ahe
C, as indicated-BY. 0q mxt ur e dt74bout. 1639 &6t% 9% Z-1_1 358

.4, 4, 4- hexaf Luor 02 10 buten@-$hd 36./1 ol 83%ci cycl operfdne ha
hi ghest pressureldver the randeB8®f conpositiééns at tlhis t&fder at ur

Based upon
cycl opent ar

t heseld.gndi ng

s, It 3% been

calc@3ad ed th

at Z- BE4336nez

e forapazeotr

bpi ¢ cngposi ti

ons ragagng fr

om abggts 64. 2

percent to[aboutzyg. 4 nol € pergemt Z-FC 133Gmpg and 15 frggusabout
percent to Hbom;}—o‘?‘g 6 TTol & perLEnt CycTl OPENTATE (Whifch™f oREIsazeotT
o o g P e g T e doa o
and at a pPr-essti —-om-ado ST PSHa-(x a)y—t anot, Uz —pPSt
kPa)). Sonme—enbg %Q Bnt-s--pf—azel tfopi € comoﬁ.?’t onsS—af-e-—|i Bﬁbd A
Tabl e 19 Azeot rrﬁ@p conpositi 1 Az LUL@—%EB—AZ—&&{
Pressure (psia). A-BC 1336mrz (Ffle % Iovcl offéd ane (mole 394 20 0
35.8 -10.0/2.98630.9 36.1/ 0.0 438% 63.7 36.360010 7.59 63. 649
90.0 92.9 65.8 342
100.0 116 66.6 33.4
110.0 144 67.6 324
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
azeotrope-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/cyclopentane 120 70 - 99/1 - 30
Z-FC-1336mzz/cyclopentane 150 68 - 99/1 - 32
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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
32.163.9 36.1 50.0 32.163.9 36.1 60.0 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

Table 21 Azeofrope-like compositions

COMPONENTS T Weight Percentage
L (°C) Range

Z-FC-1336mzz/cyclopentane | - 20 80 - 86/14 - 20
Z-FC-1336mzz/cyclopentane 0 80 - 87/13 - 20
Z-FC-1336mzzicyclopentane 40 80- 90/10 - 206
Z-FC-1336mzz/cyclopentane 80 80 - 95/5 - 20
Z-FC-1336mzz/cyclopentane | 120 80 - 95/5 - 20
Z-FC-1336mzz/cyciopentane 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 amounts 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 pariiculate 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 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~
pentafiuorobutane, trans-1 ,2-dichloroethylene, 1,1 1 ,3,3-
pentafliuoropropane, 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



66.6 33.4 110.0 14467.6 32.4 120.0 175168.9 31.1 130.0 211 70.4 29.6 140.0
254 72.3 27.7 150.0 302 74.4 25.6 Addi tionally, azeotrope-like

conposi tions containing Z-FC 1336nzz and cycl opentane may al so be forned.
Such azeot réﬁ@ﬂepk@p@dﬂg@@mncaﬁﬁ%orsméfaeswcaartpmﬁmabedy twpecooleposi t i ons
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21. Table me&wﬂ qmihelxgﬂg@fmg:ﬁuﬁer@%nd%@ﬂﬂﬁhgﬁt sefected ﬁo/r?{\gﬁélh

Percentage T é |Ran e Z-FC 1336nzzi cycl opent ane - 201 7
Z- FC- 1336nz A'eyk Cepsif %@@f ety forrgaiel pentane, zzbn'@tnﬁaetamz ¢yic1,8fnt ane 40

74- 90/ 1@ - p%@]tg‘[f%t}lﬁgﬁg?ﬁéﬁgﬁl,?—@?c%c?r% hsﬂene, 1,1,1,3,3-
- pentaflucropropane, 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-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane. .

Another embodiment of this invention provides a process for

.18 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-
hexaftuoro-2-butene and a component selected from the group consisting
of methyl 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 azeoirope-iike composition as a heat transfer media,
wherein said azeotropic or azeotrope-like composition consists essentially

25 of Z-1,1,1,4,4 4-hexafluoro-2-butene and a component sélécted 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 ex’tmguzshmg or
suppression agent, wherein said azeotropic or azeotrope-fike composution
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-

26



72- 99/1 -28 Z-FC-1336nezz/cycl opentane 120 70- 99/1 -30
Z- FC-1336nzz/ cycl opent ane 150 68 - 99/1 - 32 10 Tabl e 21 Azeotrope-like

conposi tions NTS T if%ht Per cent age Rang

Z- FC- 1336rrzz'}“g&tv>1p %éﬁ*?aﬁé; 2-88N ﬂgevquan@otranm&ensbim@thykampent ane 0
80- 87/13 - 0/10 - 206

Z-FC- 1336rrzz72cyc13%%ﬁ%ﬁ%@@%ﬁé@%@%g%%%a@?@ﬁﬁFW&%t ane 120 80

- 95/5 - 20 Z- FC-ARStrx zhysdivpanbbine Hv@nB8nprORiss a p#dc é@‘@sﬁ%%‘h”‘)p' c or
azeotrope-1lik onposi tions of the present invention can e prepared by any

e

conveni ent @%@H"F\E’F éé?ﬁﬁ@ﬁ'ﬁélﬁ@o@@o@tmm diefertticre wheseineshidnounts. ~ | n

one enbodi megy r 828041 0 l'i ke

conposition caergi{)gtkg&)ggggéd%y vvelgrﬁ‘lp %rtﬁ‘ @oﬁtsgsrtg S%Q) r@% anounts and

thereafter chitf, éi%?ﬂxeﬁvom-%buw&lm laadm B ONé Rt S@.‘?écted from the group
consisting of methyl formate, pentane, Z-methyibu'tane, 1,1,1,3,3-

pentaflucrobutane, trans-1 ,2-dichloroethylene, 1,1,1,3,3-

pentaflucropropane, dimethoxymethane and cyclopentane.
10
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The azeotropic or azeotrope-like conpositions of the present 10 invention
can be used in a wi de range of applications, including their use as aerosol
propel l ants, refrigerants, solvents, cleaning agents, blow ng agents (foam
expansi on agents) for thernoplastic and thernoset foans, heat transfer
medi a, gaseous dielectrics, fire extinguishing and suppression agents,

power cycle working fluids, polynerization nedia, 15 particul ate renoval
fluids, carrier fluids, buffing abrasive agents, and displacenent drying
agents. One enbodi ment of thisgLaygsti on provi des a process for
preparing a thernoplastic or thernoset foam The process conprises using an
azeotropic or azeotrope-like conposition as a blow ng agent, wherein said
20 azeotropic1onaggﬁ£%gﬂgﬁbbh5gﬁ BRQSkLIPE- consi sts essentially of z- 1,1
,1 .4,4, 4-hexaf l'uoro-2-butene and a conponent selected fromthe group

consi sting of re}l Ryl 1.fighédtlexafeoncahrbytcpenendyl butane, 1 ,1 ,1 , 3. 3-

pent af | por obut t S-1 -di chl or cet hyl eng, , 1 -

pent af | oroproggﬁ%ﬁ‘é?g%Qﬁgﬁﬁﬁg?Wgﬂgn%n ‘%?H“@Sé%?ﬁ#%?*f@%ﬁ@?ﬁ%yo%W§%dinent
of this inyemdepnimamefféei et @tes forfoan REEsttselkd @Imbigaiet With thd e
process conFrlses condensi ng an azeotropic or azeotrope-like conposition
and t her eahd drd-eifapRdtPiRy2 PafaN%azeot ropi ¢ or azeotrope-|ike conposition
in the viciniby %etafi_%o{eeﬁé(-n&@c&ﬁps%@sf cl}ﬁ#ﬁ??og?%ﬁhgeé‘g@rﬂitaﬁ?% fFoRi1

azeotrope-li ke conposition consists essenti al
Z-1, 1, 1, 4, 4, 4- hedfd weight perlsanesd , hhd, Adtenpiunent2-belesetand ffane9ttae2gr oup

i st f hyl . f -methyl b 1,3, 3-
Spent aff or obut Aot peRER, £, EF SRR TRRne ATy Shdne,
di met hoxynet haneeaipdravied epRsthang ~CApabbeC, saBaminimiditionf hdvigai nventi on

provi des a process using an azeotropic or azeotrope-|like conposition as a
sol vent, wher ei rdifeliencaFedewvasing poessareand Spbble naintqyrpuse of tassdbar Pt s
essentially of Z: z rQ- ; a conponent
selected from tﬁ%q%?écu%pégﬁéﬁg?]s%gff@% {n’%ttﬁ"yq%]?géﬁgﬁée%eglﬁt ane,

2- et hyl but an®, Thé, ake8ir8pe-plemtarhpositioof caim 1tooasstidg 2sskrdiallpodbibmy| ene,
1,1,1, 3,3- pent 0 ropane, di get hgx t,hane and | opent ane.,. Anot her
Lo 53 e oGO RoRaRe cod oL DY M0, 200, SYEl oPent Ans o4
aerosol product .1 JRe;HRHRERFS 1CIONBII-S&RafsdrBercpAndZEUrb R EePby: at a

azeotrope-like conposition as a gropellant, wherein said azeotropic or
azeotrope-|i ke dempesatureaf tonstefs teddeniti adidycostpaaitipnihaving a, 4-

hexaf | uor o- 2- but . om. isting of
metnyl format e, GoReane, T SSRERA Rt el 86l Bobled Bl b BB b Eh el

20t rans- 1, 2- di chéquabes Byleesemit bisdd lipén repauitad buiow presspane,

di met hoxynet hane, and cycl opent ane. Anot her enbodinent of this

i nvent ¥8n pr o d’é@r%eﬁﬁé‘éﬂe@?pﬁgrﬂ%a thermepssticapiteergiossy EpraryiRe

conposi tion as a,die@kntdzB08b58-IRESApoYie 85 B KAk ga%RAM VARrEINYaid
azeotrope-like conposition consists essentially 25 of

Z-1,1, 1, 4, 4, 4- hexzgotiepedike-dempaséioarngnaistsosgsendally efef-dct. &d.4.4om t he group

consi sting of g1 . 2 B 1,1,1, 3, 3-
pentafluorobutgﬁég&byéﬁggﬁ%%¥ﬁﬁ%ﬂ{@Bg%§%91gﬁ%%h€$@§§$§?3-

pent af | uor opr GpaherocissEbhenodneihl astigarmion yohgpingeendeAsiolwr enbodi nent
of this_invention provides a process for 30._extingui shing or suppressing a
Fire. $he procesddpe ke ouboRgon ersibBERUET evaroratis b geepiTREs Tke
conposi tion as acdrhpésifiert iInBE vRIMIGhTWhe BUBPIESS OMeBIRAEmwiYEgREI N said
azeotropic or azeotrope-|ike conposition consists essentially of

Z-1,1, 1, 4, 4, 4- hesegatgpedike-aempastioarmgnaistsorgsentaly efef-dct. €d.4.fom t he group
consi sting of ne e - ,

11103, 3 pent ar 1SS Bk fend S 1% o Enar B PO BRE.

1,1, 1, 3, 3- pentcaf A poocygzsapanaisird) nsthdn ax paedinapelilkndorapositipe at arsmivefuhot her
enbodi nent of this invention provides a process uysing an. aze opi c or
Szootr dbe- i ke BB EE2AelaIike SoRES IO Brasiols SR AMIAlY G r opi o or
azeotrope-|ike COAPOSFist4-ABxSRIDFS-DLIR1HESS SR '191',4!,‘ﬁ,iﬁbeﬁtaﬂuoroPropane.

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 oroet hylene, 1 11,1, 3, 3-

pent af | uor opr opane, di met hoxynet hane ar’¥ cycl opentane. 10 CLAIMS 1. A
conposi tion consisting essentially of:



(a) Z-1,1,1,4, 4, 4- hexaf |l uoro- 2-but ene; and 5(Db)

1,1,1, 3, 3-pentaf |l uoropropane; wherein the 1,1,1, 3, 3-pentafl uoropropane is
present in an effective anobunt to form an azeotrope-like conbination with
the 7Z1,1,1, 4, 4, 4- hexaf | uoro-2-butene. 2. The azeotrope-|ike conposition of
claim1l1 consisting essentially of from1 to 58 wei ght percent
Z-1,1,1,4, 4, 4- hexaf | uoro-2-butene and from99 to 42 10wei ght percent

1,1,1, 3, 3-pentafl uoropropane, characterized by: at a tenperature of from
-40C to 120 Cz saj g@gpﬂ } i } ik { nt pressure
and bubbl e poghﬁﬁgggggure 5?a@gggayﬁ§%x§¥HQEEEF@?ggggggggﬁﬁﬁﬂLased upon the
bubbl e poi nt pr eazsotrepedike Thampasidon repepropriardowpersin baid agbotrbra-ike

consisting essentially.of fro 76, j ght t

Z-1,1,1, 4, 4, 4- he‘%?é‘?ﬁ‘i?}épé‘fé’-”ﬁlﬁr%% SRl 3@%@‘5’?‘o‘*wvéﬁ%ﬁﬂ?r%%Pe‘i&HF and

1,1, 1, 3, 3-pent af{ yarnprepaifRiorafrepacd.eri zed by: at a tenperature of from
-40C to_ 120 C,_ said conposition having a difference in _dew point pressure

and bubbl e pontA PrASEss CAMEFSINGUSING3IR 28FOERARAIKE ePrBPRRIILAR @h88Ed upon t he

bubbl e point pressitk& mé@4: wheRiPESaS-E0oRE-RREELMBoSitibABbABIRKAsti ¢ or

t hernoset foam conprising using an azeotrope-like conposition as a bl ow ng
agent, wherei n saEséntalyqilopd-1,#Ked-boxgibore-2arutennandtist.ésks®Ential |y of
Z-1,1,1,4,4,4- he -2-butene and 1,1, 1, 3, 3- pent af | uor opr opane. 5.
A process for prQéﬁ%ﬁ4§%&ggﬁ?$%eration conpri sing condensi ng an

25azeot r ope- | igk eA parRees ifdr extingoidhingerr sabpresssigigepireadamgristiag disiigean r ope- | i ke
conposition in the vicinity of the bogg,to be cpg]ed, wherein sai d

azeotr 6Pe- | i ke RARPYSPEIKE CRBROSYPE a8k SANPYISGINTRr SUPPHESHION agent,

hexaf | uor o- 2- but\gRgeRihid atedircheiREEIAGOIRSPBE MR8 @ssentiallf of & Process
conprising using an azeotrope-like conposition as a solvent, 30wherein said
azeot rope- | i ke cbifobid-bexafivagi-2thstenssant i dl1.§,opetafluoropropane.

1,1,1,4,4, 4- hexaf | uoro- 2- . A - d ol A
process for pﬁ@d%gﬁﬁﬁggﬁngg$§2§ﬂﬂ%%%éﬁégégﬁﬁgfﬁ§$%§%h§$&§Pé%Bg%%%?$%pe-Iike
conposi tion as awpsrepeddidnteoivdiny-Biencaapokidareodnsigte dssdetiatigmpdsi ti on
consists essentially of, Z-1,1,1,4,4, 4-hexafl uorq-2- bug ene and

11 350 pant at T60h bR BRAIUORES NS R4 o bR PLHLIIOP 2R
azeotrope-li ke conposition as a heat transfer nedia, wherein 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- pentafl uoropropane. 9. A
process for extinguishing or suppressing a fire conprising using an
10azeotrope-1li ke conmposition as a fire extinguishing or suppression agent,
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 opropane. 10. A
process conprising using an azeotrope-li ke conposition as dielectrics,
wherein said azeotrope-like conposition consists essentially of Z-

151, 1,1, 4, 4, 4- hexafl uoro-2-butene and 1,1, 1, 3, 3- pent af | uor opr opane.

29



