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i sopentane is present ITn an effective anount TO forman dzeotropl’c or 20
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and (b) trans-1, 2-di chl oroet hyl ene; wherein the trans-1, 2-di chl oroet hyl ene
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of (a) z- FCmegBpifermaledal dfermperapemelaabout@bi 8Cn the 5 cycl opentane is
present in an effective anobunt to forman azeotropic or azeotrope-Ilike

m xture with Z-FC 1336nzz. By effective anmount is nmeant an anount,

whi ch, when RGnRI-FG. Biit a grapBickd 3epegentivnl dfan szdditogcoam@t i on of an
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conponent ogﬁ@Sgt‘[@écgdﬁ@s gqpi‘pga%@prteﬁgn ationpfian ARRMITRENaMMi ch form
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azeot ropbc deopsrdans ehaitsmperaiing of abeubtd8WE€.or nore different conponents
whi ch, when in liquid formunder a 20 given pressure, will boil at a
substantially constant tenperature, which tenperature may be higher or
lover than tfe. Boifiang i’s%@fﬁ;ﬁﬁéﬁﬁép@csén%idnn&‘éﬂéﬂf%feclﬂ@onem31 and whi ch
w || provide a vapor conpoSition essentially identical to the overall
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azeotropQc conposition are that at a given pressure, the boiling point of
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azeotropi c conposition may change when the azeotropic conposition is
subjected to boiling at different 35 pressures. Thus, an azeotropic
conposition nay be defined in ternms of .the unique relationship that exists
anong the conponents or in terns of t heé conpositional ranges of the
conponents or in ternms of exact wei ght percentages of each conponent of the
conposition characterized by a fixed boiling point at a specified pressure.
For the purpose of this invention, an azeotrope-like conposition 5neans a
conposition that behaves |ike an azeotropic conposition (i.e., has constant
boiling characteristics or a tendency not to fractionate upon boiling or




10conpositions in which during boiling or evaporation, the vapor and |iquid
conpositions change to a substantial degree. Addi tional ly,

azeotrope-|i 0 itions exhihit dew point pressure and bubbl e point
pressure w ;ﬁ%ﬁ?ﬁ@f-l@'%%@%ﬁ?ﬁ@%ﬁ%@nP q&;eqﬁp&e-iﬂge to say that the
di fference idprhhesiflens BORALtIRY s&%m&ugutﬁzzpbbh%mﬁwénaiﬂféﬁﬁwa% a given
tenperature will be a small value. In"this invention, conpositions with a
di f ference itamgpenatioe of apoes2WPECand bubbl e point pressure of |ess 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
vol atiliby ¢fiGa720rfyst %”é@Péﬁm@é}W@ére&éﬁteﬁ&?oﬁ%ﬁécﬁ@ge%ﬁ%ef! ned as formng
an azeotropic or azeotrope-like conposition. Relative volatility is the
rati o of theoropesiions goosisingrpesanially aof-FRe1388mzti Bty of conponent 2.
The ratio of .t he nole fraction of a conpgnent i gror to that inliquidis
the Vol ati | id[lvegqc»fyﬁgeti\gﬁscﬁgg%mp@ra & aﬁ’é’“ﬁ h@'@'{eﬁeati ve volatility of any
two conpounds, a 25 nethod known as the PTx nmethod can be used. In this

procedure, the total absolute pressure in a cell of known volune is
nmeasur ed at G &nsként8 iscapeantiical sepwsantatiuef 2vapestrepoasdof the two

conpounds. P . i i L n.detail. 0. Phase

Equi l i b?lﬁumléls%c’g{ogtggg‘se {@ﬁ@#}.%@ﬁ@]&ﬁﬁ@ gggg?@ﬂye&lfdghiﬂ% rpzagﬁg, witten
by Harol d Rcybldpentane 30pagepetatdrd of 4B6ut S@PEby i ncorporated by reference.
‘These neasurenents can be converted into equilibriumvapor and |iquid
conpositions in the PTx cell by using an activity coefficient equation
nmodel , such as the Non- Random .Two-Liquid (NRTL) equation, to represent

| i qui d phase nonidealities. Use of an activity coefficient equation, such
as the NRTL equation DETRKED DESCRIRTEIGN IOF THETIMVERTIONt i es of Gases and
Li qui ds,". 4th edition, published by MG aw H I, witten by Reid, Prausnitz
and Pol i1ﬁg, on pages 241 to 387, and in "Phase 5Equilibria in Chem cal

Engi neering, " publi : r RPuhl i : [ by Stanl ey
M Wl es, pages ?@gﬁ?ﬁgfﬁ%_"@%ﬁ"ﬁﬂQﬁ,?%ﬁéﬁ%%ﬂ%ﬁ@?éﬁ@%@g@“ﬁégﬁer eby

i ncor por at ecizeptropieoeazectrdfd-likaimixiusdisndesicaliie. Bousndnyleamhenheory or

expl anation,_,it.is believed t,gat t he NRTL eq%lati on, together with the PTx -
cel | data, CHPWING PPERARTHOSIIN(RIF0 kROWIHRRfoAT GXPIBFIAR AgENtLar f58M he

. Z-1,1, 1, 4, 4, dghesidd 60nPoditiBHEF; i c(ggw | esent
invention and can therg?grg% E%Egﬁc{i%ﬁll?éb%elﬁgl\% or o ét’ﬁ?i?”%%%&é’?‘% n
mul ti - sEBge WaF@osonsnlikemibgueen the compesititinstialy Ichainge duningritss .

I't found. ¢ h. i nent s .t hat Z- FC- 1336 d met hyl. 15 f t
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rel ative volgduid dextirBbnidny sfchproceRsin oﬁ&&d%%df?ﬁémrrﬁ%gﬁhw above was

used. The total absolute pressure in a PIx cell of 'known volune was
neasured at arpisatian. Adepdndefiigeratinon applicationsi asefligemmidsdfteohsst These

nmeasur enent sy e equidibriumvapor and |iquj

conposi ti onzddll'\ﬁ{gt ‘ﬁé‘g’%@f’f‘e‘ﬂ?ﬁﬁg’ l%ﬁﬁg%hgﬁaéégﬁh gh_se Onne&*ﬁﬁ‘é' 3315%’8% essure
measur e@d5verjsints bhe bToRPR Hihes dnddtidm ahETafrigetdntirdy Be rfleh3d8mB 744t hyl
formate m xture is shown in FIG 1, which graphically illustrates the

formati on of3EIPSRAEEE UPNE radiBienssceypeerites anrefigeratipnieswipoast. &t i ng
tiall : Byl indi cated b 1 Xt f
Sbout 20 4 iBp2éiSErareRTg LR IBIGE cfRORy R e SERFRETEORY & 5% merhyl

format e haviampdtftperliighestnppsitisauine efdgetdne compositioh ra@BRahge Wierat this
tenperature. Based upon thei?mfi ndi ngs, it has been cal cul ated that

Z- FC- 1336nz 2880 RECIsANargsdin herimaesnhoss &om 8in tefigsrsion sasimmeahgi ng
from abent Egjgs-- . 7-FEC-.1336nez and
fr om'abggt gﬁ?%cﬁlgliwgegg%@ﬁ{arﬁcg ut i%%! &aﬁﬁsggﬁggﬁ'g%{ﬁﬁ formate
(whi ch f or mheeone dpnmmablepartiothavespduri refrigeratiom pedopeandal rAcoirdihgiym about
-20C to abogh 100 C and at a gress re.of fromabouyt 1.4 psia %0 kPa) to
about 113 psi'g'® 577 ~ USBE RFCONOBH REAESCEIPE SO IPEHIRS BJRBBSi ti ons are
listed in TaHEoth lieafioA 6F ERRNBILE hedid GRS i rature
(C Azeotropic l%r gg;%?ei ?pgi a) Z-FC ?336%@%%?25‘%%@%%?3%%@% (mol e
% -20.0




1.38 25.4 74.6 - 10.0 2.40 . 25.2 " 74.8 0.0 3.97 24.8 75.2 10.0 6.30

24.3 75.7
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20.0 9.64 23.7 76.3 30.0 14.3 22.9 77.1 40.0 20.5
containing Z-1,1,1,4,4 4-hexafluoro-2-butene (Z-CF;CH=CHCF, Z-FC-
1336mzz).

Before addressing details of embodiments described below, some
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 combin'ations or mixtures of such isomers.

As used herein, the terms "comprises,” “comprising,” “includes,”

L1}

“including,” "has,” "having” or any other variation thereof, are intended to

covera non-exclusive inclusion. For example, a process, 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, unless

15

20

25

30

expressly stated to the contrary, “or” refers o 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). ‘

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

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 beiongs. 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
methods and materials are described beiow. 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,



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

will control. In addition, the materials, methods, and examples are
iltustrative 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 azeotroplc or azeotrope-like compositions
compr:smg Z-FC-1336mzz.
In some embodiments of this invention, the composition consists
10 essentially of (a) Z-FC-1338mzz and (b) methyl forme;te; 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-fike
mixture with Z-FC-1336mzz.
in some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1338mzz 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) HEG-365mfc: wherein the HEC-
365mfc is present in an effective amount to form an azeotrope-like mixture
with Z-FC-1336mzz. | o
25 In some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) trans-1,2-dichloroethylene;
wherein the trans-1,2-dichioroethylene 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 HEC-
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

8



84.4 5 Additionally, azeotrope-like conpositions containing Z-FC 1336nzz
and nethyl formate nay al so be fornmed. Such azeotrope-like conpositions

. : . L . . di ¢ i Kk
cormos: 1§ on<EERKy RGeS ErgeRhon s, SERARLATGHEDR Refiar Breothes! | <e
10azeot r ope-iikk @xEOaPAH ZIFANS 336mzzi sted in Table 3 15 Table 2

Azeotrope-1like conpositions COMPONENTS T (C) Weight Percentage Range
Z- FC- 1336nez/ Met hy somsr @mbediments-ajdhis-ineertiarcihs sempositionophsists nate 0

1-99/1-99 Z-FC 1 1 Vot byl 1-99/ 1-99 7- FC 1336nrz/ et hyl
formate 40 ﬁ%@‘ﬁ%%%&%:%gﬁ#{%ﬁ@h%}’.ﬁiﬂaﬁi%%gaeq‘é’%@’ﬁiﬂ Z- FC- 1336
mez/ Met hyl fd?b!gféﬁtahws brOS4ALIAGN SFERIVE SIndaRIObLITBRAaN AR CBOBROSI t | ONS

COVPONENTS T ( V\éi_ght Percent age Range Z- FC-1336nezz/ Met hyl formate -40
10- 90/ 10- 90 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-itke 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

156  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 boiling temperatures 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. Malaone, Conceptual Design of

25 Distillation Systems, McGraw-Hill (New York), 2001, 185-1886, 351-359).

Accordingly, the essential features of an azeotropic composition are that at
a given pressure, the boiling point of the 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



Z- FC-1336nezz/ Met hyl formate O 10-90/10-90 Z- FC 1336nezz/ Methyl formate 20
10-90/ 10- 90 Z- FC-1336nezz/ Methyl formate 40 10-90/10-90 Z- FC 1336nzz/ Met hyl

formate 80 -90/10-90 Z-FC-133 z/Methyl formate 120 .10-90/10-90 It was
found ¢ hr ouge COPRITHATEL AR O Re.cPaYaRaNtS Al BrEE RIS WAtz cot r opi <
or azeo r 0pqudragesTRehih eBmpofiendt AT ARpbEEor ehatacteriva Byid i Ly of

this binary pair, f Tx met hod descri bed above was used. The'total
absol ute pr dxedriwiling poiptat 2 gpecifed presureol ume was neasured at const ant

reduced to equi 1 i ORRRSE 4R REEh bR s2reR SRS R PR TeT ng the
NI RTL eqgat ifg8and Beorapsyitid $:38 BERaVERHiKE @8 ARIoHiepid b@nﬁégiﬂ@ﬁié[é.ws in the
5 PTx cell for Z-FC- 1336nzz/ pentane m xture is shown in FIG 2, which

i |1 ustrates hfsepistant olingechayaptaristes oF adandzeey nebiacfrasiipreie opedpe- | i ke

pentane. ar 1St SRhRRGY, WRtage. duratdue pr SydnoalBh i ase, " o 2"
Z-1, 1, 1, 4, 4, dhdhiguadl lcseippsiongt # tiee\aokia e @t &N shdvgecoriiane ahainimal bhe 10

hi ghest pressure_over the_range of conpositions at this tenperature.
Based upon tMRAgHe gffants This iSHadeperirasied with ren-eRaetropetika 336nez and

pent ane orna% £ 0Nl : e : ' . per cent
to about1658. nlg(?ge'ﬁgrgér @e&ﬁﬁﬁgqﬁ@ﬁ ?%[@%ghgg?é%%%g@%w %oélbqé?% fjgi%?e per cent
to about 41.&@mpbsitipes cearigeptond anbsiawtinttegreem azeot ropi ¢ conposi tions |
boiling at a tenp t 120 C and at a

pressure of f rOmézﬁ,@‘hﬁﬁ%yﬁ%&éﬁé‘?@%%&pﬂﬁﬁ%?@%&gﬁﬁ@ dﬁg‘i ROIDYDERSSKIS,) ) .
o e By B AR SRS RO BRIl 20 20 0
Pressure (pssa)thzi #E difatmee in(theldevwp oipéptessaire 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-iike composition. Relative volatility is the ratio of the volatility of
component 1 {o 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 "Phase Equilibrium in Process
Design”, Wiley-interscience Publisher, 1870, 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
equation model, such as the Non-Random, Two-Liquid (NRTL) equation,

8



(mle A) -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 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’(03reﬁ?es79n{-!i&&d%hﬁée%ﬁd@alﬁe& 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
S  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 cell data, can sufficiently predict the

10 relative volatilities of the Z-1 ,1,1,4,4,4~hexaﬂdoro«Z-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 experirrients that Z-FC-1336mzz and methyl -

15 formate form azeotropic or azeotrope-like compositions.

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

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

The vapor pressure measured versus the compositions in the PTx
cell for Z-FC-1338mzz/methy! formate mixture is shown in FIG. 1, which
graphically illustrates 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 azeofropic compositions ranging from about 25.4 mole percent to
about 15.6 mole percent Z-FC-1338mzz 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

8



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 58.7 41.3 Additionally, azeotrope-Iike
conposi tions _contai ni ng Z-FC 1336nzz 5and pentane may al so be form ed.
Such azeot r oddI1kHaY). e eMmhastiesis ot azedlicnic spamasdiing aedists ini ons. Sone
enbodi nment s ﬁ%ygqeotrope-like conpositions are listed in Table 5.

Addi ti onal enbodi nents of azeotropelike conpositions are listed in Table 6.
10 15 Table 5 Azeotrope-like conmpositions COWONENTS T (C) Wi ght

Per cent age Range Z- FC-1336ngzz/ Pent ane -40 "
Table 1 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Methyl formate
Teme%r)ature Pressure (psia) (mole %) | (mole %)
-(20.0 1.38 25.4 746
-10.0 2.40 . 25.2 ©74.8
0.0 T 3.97 24.8 75.2
100 6.30 24.3 75.7
70.0 5.64 T 237 76.3
30.0 . 14.3 : 22.5 77.1
40.0 205 221 77.9
50.0 _ 287 21.2 : 78.8 .
60.0 ‘ 39.2 202 79.8
70.0 524 - 19.1 80.9
80.0 589 18.0 82.0
90.0 89.0 : 16.8 83.2
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



60- 75/ 25- 40 Z- FC-1336nzz/ Pentane 0 60-80/20-40 Z- FC-1336nzz/ Pentane 20

60- 82/ 28- 40 Z- FC-1336nzz/ Pent ane 40 60-85/15-40 Z- FC-1336nez/ Pent ane 80
55-90/ 10- 45 Z- FC-1336nez/ Pent ane 120 45-99/1-55 b5Table 6 Azeotrope-like
conpositions COWONENTS T (C) Wi ght Percentage Range Z- FC-1336 nzz/ Pent ane
-40 62-70/ 30-38 Z-FC-1336nrz/ Pentane 0 64-74/26-36 Z-FC-1336nezz/ Pent ane 20
64- 76/ 24- 36 Z- FC-1336nzz/ Pent ane 40 64-78/22-36 Z-FC-1336nez/ Pent ane 80

62- 84/ 16- 38 Z- FC- 1336nzz/ PEabRiEAzeotiope-like compositions

COMPONENTS T (°C) | Weight Percentage
- Range
Z-FC-1336mzz/Methyl formate -40 1-99/1-99
Z-FC-1336mzz/Methy! formate 0 1-09/1-99
Z-FC-1336 m;z/ Meth)}! formate 20 1-99/1-89
Z-FC-1338mzz/Methy! formate 40 | 1-99/ 1-99
Z-FC-1336mzz/Methyl formate 80 . 1-89/1-89
Z-FC-1336mzz/Methyl formate 120 1-99/1-99
5 Table 3 Azeotrope-like compositions
Weight Percentage |
COMPONENTS T (°C) _Rang‘?_ |
Z-FC-1336mzz/Methy! formate -40 | 1 0-90/10-90
Z-FC-1336mzz/Methyl formate 0 10-80/10-80
Z-FC-1336 mzszethyl formate 20 10-90/10-90
.| Z-FC-1336mzz/Methyl formate 40 10-90/10-80
Z-FC-1336mzz/Niethyl formate 80 |  10-00/10-90
Z-FC-1336mzz/Miethyl formate 120 | 10-90/10-60

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

11



120 57-99/1-43 It was found through experinents t hat
Z- FC-1336nzz and i sopentane form azeotropi c or azeotrope-like conpositions.

To determine the relative volatility of this binary pair, the PTx nethod
descri bed abB@asttedakcedant lgReeralim femesionsdiparyomposifions. Fheseel | of

compos! 11 onemermeta e BnERaeIdte (S ERSIRlhSanBh AR UAPHE um vapor and

li quid conposdripesisiohs ir ke esll Lsitig tNIRTEL BRktigguat i on. The
vapor pressure neasured versus the conpositions in the 15PTx cell for
Z- FC-1336nez/ i sopent! &feVaiok PIFSUre mgasmMied yersus the comnastitions indheat es

graphicald y I 1ok . t b 1 conposi tions
o 21 1. AP PR B PR PR B A RS IS BPPI S W BB i cat e
by a m xt ur eilloétralesujraghicailyrtiesfobnatidn bf bndazectropheadd bresipogaiké ene and
60.0 nol e %isoBen,Itt,ane hayi.ng the %gsr%st pressure over - the range of
conposi t i onsCATPPRIENCARSIHIAY Gegen LUpbi 4-héshemlnaraddutppenas been

.cal cul ated t: a=Gr i ] i ositions
Canging 1 rontbpentarie 4PFENCE, B3hdi SRR Al bl A SBBLE ST RS
Z- FC- 1336nzzZeﬂ_nmI,1t4,émuhbmaﬂucﬁa-.?9bmhe ared 580 mbie Hoprtadd Having teper cent

Fr om 10 RboutionSHcP U R for (BB ESaIRIOR EONRSREDB I tHF PBRIaHGL, 2. 7 poi a
(19 kPa) to about 199 psia (1372 kPa)). Sone enbodi nents of azeotropic
Aebtrop o Temees sty isa ol t pER R AR ENEE Z2REREEE S T 1 ¢ oy
| sopent ane (amd peatanie for2aa?rop: Smpobitiofs TaRgiAg 4roAT aB8uB48L. holed. 0 7. 01
39.4 60.6 lopgrcant to about 58.7 mole percent Z-FC-1 336hﬁﬁ and from about 51.8
15 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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10.6 40.4 59.6 20.0 15.4 41.2 58.8 30.0 21.9 42.0 58.0 40.0 30.1 42.8 57.2
50.0 40.5 43.5 56.5 60.0 53.4 44.2 55.8 70.0 69.0 44.8 55.2 80.0 87.6 45.5
54.5 90.0 110 46.2 53.8 100.0 135 46.9

Table 4 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Pentane
Temp;e(e:r)ature Pressure {psia) ' (mple %) (mote %)
-(20.0 \ 2.20 ' 482 518
-10.0 3.70 489 511
0.0 5.91 . 495 50.5
100 9.07 . 501 49.9
20.0 13.4 50.7 49.3
30.0 192 512 488
40.0 26.7 51.8 482
50.0 362 523 477
60.0 48.0 52.9 4741
70.0 62.4 53.6 46.4
80.0 79.6 543 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 58.7 413

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

like compositions are listed in Table 8.

10

15

13



53.1 110.0 165 47.7 52.3 120.0 199 48.6 51.4 15Additionally,

azeotrope-li ke conpositions containing Z-FC 1336nzz and i sopentane nay al so
be formed. Such azeotrope-like conpositions exist around azeotropic
conpositions. Sone enbodi nents of azeotropeli ke conpositions are listed in
Tabl e 8. Additional enbodi nents of azeotrope-like conpositions are |listed
in Table 9. 5Table 8 Azeotrope-like conpositions COVWONENTS T (C) Wi ght
Per cent age Range Z- FC- 1336halzlel 5 drentrape-iikd Gofth@ti@s 60

Z- FC-1336nez/ | sopeptane—0-—45—F0/30—-55-2-FC-1336mzzll-sopentane—20

45- 75/ 25-55 Z-FQG 1336nez/ | sopentane ' 40 45-75/ 25-55

Z- EC-1336nez/ | sopephareNENTE- 85/ 15- 60 ZTF(Q')} 339@@@(\{ pg%mﬁée 120

1- 99/ 1- 99 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-133bmzz/Pentane 40 60-85/15-40 .
Z-FC-1336mzz/Pentane 80 - 55-90/10-45
Z-FC-1336mzz/Pentane 120 45-99/1-55

5 ' Table 6 Azeotrope-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-13386mzz 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 absoluie 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

illustrates graphically the formation of an azeotrope and azeotrope-like

14



Tabl e 9 Azeotrope-like conpositions COPONENTS T (C) Wei ght Percentage
Range Z- FC-1336nez/| sopentane -40 49- 58/ 42 51 Z-FC 1336nzz/ | sopentane O
53- 65/ 35-47 Z-FC- 1336 |, sopen 8/ 32-47 FC-1336nrz/ | sopent ane
40 53-71/29°% @?’@Sﬁ 1/.1?&@%23?% U@@O zbl#m@néssopentane at 19.9

xporimant s Char T e R PR of ROt 0B IR 2 B e

exper.i ments that orm azeot ropé-|i
conposi ti onhexFiuciet2buiere ame 60l abiey 86 istipantarid yawhg the Blghesﬂar y pair, the

PTx nmet hod descri bed a ove was used. &e toéﬁtl {absol u(EjHe pressure in a PTx
cel | of knoWh®S™1™G RS QPR OS! fBre for various

bi nary cgnpositions. Bé@?ﬁﬁ 5@%@?@3@? ek £s bggﬁlcéﬁg f@tﬁaﬁ gl ibrium

vapor and liquid conpositions In using the N equation. The
vapor pr essuicdbmeasanctisopentue fole azempopic cangositionheartgimg kovel | f or

Z- FC- 1336 e °!
gr aphi cal rf, {:%galn@lo %Rgﬁkg@gﬁ??%gggﬂm@g%%ﬁ Fgﬂ%ggﬁ Ll ustrates
Z-1,1,1, 4, 4,ﬁ4mh%atd egmnaréowr%@ﬁt RbSIG BEIIE farcétfl idofent@se | ndi cated by

a m xtures of about 1 to mole % Z-1,1,1, 4, 4, 4-hexaf |l uoro2-butene arid
about 1 to gohiab f@rr%ama@i@wwwpwsm b@mngoatraetanspa;atm@bfroape li ke

aoentropd. | ARBUE oG o bRyl 170 il T prasiife of FOPeTA 20 BRAUS ope-1 i ke
conposi t i onkPePabEW $99 pefa (1372 kPa)). Some embodiments of azeotropic
compositions are listed in Table 7.

- Table 7 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Isopentane
Tempoecr)ature Pressure (psia) (mole %) {mole %)
-(20.0 2.72 37.1 62.9
-10.0 4.47 38.3 | 61.7
0.0 701 . 384 - 806
10.0 10.6 40.4 59.6
20.0 15.4 41.2 58.8
30.0 21.9 : 42.0 58.0
40.0 30.1 . 42.8 57.2
- 50.0 40.5 43.5 56.5
60.0 534 442 | 558
70.0 69.0 44.8 55.2
80.0 87.6 455 54.5
90.0° 110 462 53.8
100.0 ' 135 46.9 - 53.1 ‘
1100 165 477 523 |
120.0 199 48.6 51.4
15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

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

15



Wei ght Percent age Range Z- FC-1336nezzJHFC- 365nfc -40 1-99/1-99

Z- FC- 1336nezz/ HFC-365nfc 0 1-99/1-99 Z FC— 1336nez/ HFC- 365mc c 40 1-99/1-99

Z- FC- 1336nez/ HFC- 365nf ¢ 80 1-99/1-99 1336méz/ HFC-365nfc 120 1-99/1-99
Z- FC- 1336nz 245t @ra8ahAEelsepiq Compes @nsT BMe ¢7 RE'EB%‘F 4Z8RHOPBMposi ti ons

COVPONENTS W gbnfc 40
10- 99/ 10- 90T§§%%ﬁéﬁnzsfﬁég$géﬁﬁfﬁ;ﬁ%@% ﬁ@ﬁrﬂa@% -F rl-ﬁ§3ﬁt36nzzl EFC- 365nf c
40 10- 99/ 10-=2@ockope-lika3tmprsHicGs 3B iikteB i TobRM.

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

{ Z-FC-1336mzz/lsopentane 20 45-75/25-55
Z-FC-1336mzz/isopentane ’ 40 45-75/25-55
Z-FC-1336mzz/isopentane 80 40-85/15-60
Z-FC-1 336mzi/!sopentane 120 1-99/1-99

Tabie 9 Azeotrope-like compositions

COMPONENTS { T(°C) | Weight Percentage
_ | ' ' Range
Z-FC-1 336mzé! Isopentane -40 | 49-58/42-51
Z-FC-1 336mzzllsopéntane - 0 53-65/35-47
Z-FC-1336mzz/Isopentane 20 53-68/32-47
Z-FC-1338mzz/isopentane 40 53-71/29-47
Z-FC-1336mzz/lsopentane 80 A 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-365mfc
form azeotrope-iike 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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Z- FC- 1336nez/ HFC- 365nf ¢ 120 10- 90 Z- FG- 1336nzz/ HFC-365nf ¢ 160 10- 90
It was found through experinents that Z-FC 1336nzz and

trans-1, 2-dighl f i.%fq{ r :l 1 ke conpositions.
5To determ ncébr?xtsﬁierr??éerﬁé%r%\f/l.gre\fg{g%i I 1 %9{0 %ﬁﬁ{§°%ﬁﬁ§%’y?ﬁ ?é t he PTx net hod

descri bed ahnyssumesmengederelihentretiabedits @quilibriphresaptraanidiiquiTx cel | of
known vol unme was neasured at constant tenperature for various binary

conposi ti onEompasdionsda e eptbHsiatBedNRIEequadioted to equilibrium vapor and

~liquid conpositions + [ ' 1 or
pressure neasured vetﬂs%u\;séﬁy%%%%srﬁg?%ggdl n %H’%ﬁﬁé@gf’?&%?%k“%p 1336nez/
tranﬁ- 1, |8| diR:T]u oﬁfb‘?ﬁt IZyF@masfﬁmw W@-ﬁi%mmnixturéliﬁshéwnvi?imﬁ. 4| lustrates
graphically the formati on of ap gzeptropjc conpositiqn o -

Z-1,1,1, 4, 4,wéaIﬁ%ﬂ%tfa@%@plﬁ@?ﬁﬁgﬁ@aﬁdmmﬁtsofﬁzgo&rpeﬁﬁt&ed‘mw%wSat 50.1 C
as indicate bt Al 91 I 0 L Aed- .15

hexaf | uor o- g)-f%g'2hgh§hﬁ%gg%u%glc%b%@eﬁ%ﬁg?{%&(giégmf%’raég@h?/lghaeéhavi ng the
hi ghest pr edsdicetedvinr a ttiuresgkabdutcbtp8Sinodlerts A1, 1 Hi 4 4iehprafitiaice. '
Based upon these findjngs, ,it s bege |.at.ed that Z-FC1336nzz and
trans-1, 2- di%ﬁvtﬁ‘&éﬁ%ﬁr@% 1ft8r¢haﬁ?i%t);$ﬁ$¢%géﬁﬁﬁsi tions ranging from about
62. 4 molig_per cent shinehabaifierls B LecBRbREke £oRiostorisd e 11 om
about 37.6 nole percent to about 29.0 nole percent :

trans- 12- di clabde d6t Adtignpalathbodinientmcf azevtrope dike cwpysidiiiarsalieoi | i ng at a
tenperature og({rop@gqqt -20C to about 120C and at a pressure of from
about 1.6 pslise ™ ) 'to about 170 psia (1172 kPa)). Sone enbodi nents of

azeotropi c conpositions angbld $6 adeofrobabik® dotnpdaitbes 12 Azeotropic:
conpositions Azeotropic Tenperature (C) Azeoiroplic Pressure (psia)

2 P Tasame (i CoapBoREAgEs 12 <10 i PBbolls P00 1.9

, ' Range
Z-FC-1336mzz/HFC-365mfc | -40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | O 1-99/1-99
Z.FC-1336mzz/HFC-365mfc | 40 1-99/1-99
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
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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
40021764235850029964835260040365534.570.053.266.3

33.7 80.0 69.0 67.2 32.8 .90.
‘Pabl 18 18 Azeotrope like compositions

COMPONENTS T(°C) | Weight Percentage
Range

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

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

It was found through experiments that Z-FC-1338mzz and
trans-1,2-dichloroethylene form azeotropic or azeotrope-iike 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 figuid 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 caiculated 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



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

conposi 11 ond 0y 2EBEE T A8 (TRAPRY 10 B8l DI BRI 72 B S8R renc s of
azeot r ope- | idesh@iiments bf apsotessic bbﬁp@éltidﬁs'é%@i@tée@m Talle tibonal enbodi nent s

of azeotrope-|ike conpositions are‘ isted in Table 14. Table 13
Azeotrope-|ike corrp05| ti on ‘il-'f‘l.'il"‘ku-..&i!l"" chmmgisiio SPercent age Range

2 £ 1o P RE o T FEEC TATEIET vt
Z- FC- 1336nzz/tP2‘r%er§f'-L‘ed | %T@éﬁ&&% qr-}ne /§; - |ggchlorcethylens
Z- FC- 1336nmizLt r adsCh 2. di ¢hl ar oet hyl ene 140 65 9911- 35 (mole %)
Z- FC- 1336nziz/ t r an&0.9, 2- di Ehi or oéﬁl@yl ene |80 63829 1-37 | 37.6
Z-FC 1336nvptrangy -2-dighi-orogthytene A 8
0.0 4.47 62,5 37.5
10.0 6.98 62.8 372
20.0 105 63.1 36.9
30.0 15.3 63.6 36.4
40.0 | 21.7 64.2 35.8
50.0 299 64.8 T 35.2
60.0 403 65.5 345 -
70.0 53.2 66.3 33.7
80.0 69.0 672 32.8
90.0 ; 88.2 68.1 31.9
100.0 111 | 69.0 310,
110.0 138 70.0 30.0
120.0 170 71.0 20.0
5 Additionally, azeotrope-like compositions centaining Z-FC-1336mzz

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

embodiments of azeotrope-like compositions are listed in Table 14.
10
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120 61-99/1-39 Z-FC 1336nez/trans-1, 2-di chl oroet hyl ene 160 58-99/1-42
Tabl e 14 Azeotrope-like corrp03|t|ons COVPO\IEI\FI’S T (C Weight Percentage
Range Z-FC- 1336nzz/trans-1 s h] el 040 ¥2 80/ 20- 38

Z- FC-1336nez/ trans-1, 2- di cHre i ' 5963

Z- FG-1336nzz/[trans- 1, 2-di chl oroet hyI ene 20 68'8(’I114W§|ght Percentage
Z- FC- 1336nzz/{trans-1, 2-di chl or oet hyl ene 40 68- 90/15-3

Z- FC- 1336nzz/|t rans- 1, 2-8&%&’@% Iene 80 66- q8%C1i34  Range

-FC- 1336 [rt asS=}-2=chi-ch UI yi-ene—3-206 99/-4—-35
7 FC 1330me 2|4 e T B o cet R R e a . 1&@/ - 357 1531829 f ound
thr ough experlTIFU§338ERaR e ELaHG RyIERL | 22T i TOBPLEITopes] | ke

conpositions. Ta determine the relative at il i tv of this binary pair, the
PTx met hod dd %Fﬂb&ﬁ@bw&am&é &ﬁ&ﬂhiorﬁe@wy!mal 20sol ut 85086585e 1N a PTx

nest ant

Il of k s freasy €0 t-epperature-f.or..varigus
g?narg cogg\gz |2ty F§n1§3%mgyga% %é@ggﬁéﬂi‘ﬁe%re‘l%m r Rfu€8d-88 equi i bri um
e o e O Ca g T

The vapor pressure neasured tron X cel l} for
Z- FC- 1336nzz/} HFC-23Frazaftranswi2-dichddrosthylend!| G206 whighopl4-88t r atles

i i i compositions of Z-
graphically t ?-Ff&%ggmzz/transjE—dichiol roethylene | 160 58-99/1-42

Table 14 Azeotrope-like compositions

T Weight |
COMPONENTS (°C) | Percentage Range

Z-FC-1 336mzi/trans—1 2-dichloroethylene | -40 72-80/20-38
£Z-FC-1338mzzftrans-1,2-dichioroethylene 0 68-83/17-31
Z-FC-1336mzzftrans-1,2-dichloroethylene 20 68-86/14-32
Z-FC-1338mzzftrans-1,2-dichlorcethylene 40 68-90/10-32
Z-FC-1336mzz/trans-1,2-dichloroethylene 80 66-89/1-34
Z-FC-1336mzzftrans-1,2-dichloroethylene | 120 65-99/1-35
Z-FC-1336mazzftrans-1,2-dichloroethylene | 160 65-99/1-35

5 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 fo equilibrium vapor and liquid
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. G, which
lustrates 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

20



151, 1, 1, 4, 4, 4- hexaf | uor o- 2- but ene and HFC-245fa at 19.9 C, as indicated by
m xtures of about 1 to 21 nole % Z-1,1,1, 4, 414- hexafl uor o- 2- but ene and

e (127" orBY e S Al TR0 2 1ok YR 2u 1 & B e 2aieRe ¥
Z-1,1, 1, 4, 4, 4ndaxalit 1o mbid oneirnd4 ki Q/itﬁo\{%bgﬁog% i&e%ﬁfa 5with vapor

pressure of approxinmately 9 psia (62 kPa). S nment s of
azeot r ope- | i &eprosimatelytfi7opsia 47 &7 KPa).cahd by Taistuzed 6f abddi 94 ém8B nestbodi ment s

of azeotrope-lik iti,qns are li.sted in T, e .16., Tahl .
Azeot r ope- Fi R%'chﬁh%%gﬁ? ?‘o%épr&ﬁ@%&‘aﬁéf\#%)%e(‘%)af\ﬁg%? rﬁ%‘?c%ﬁf‘éﬁ?ﬁ%ge

Z- FC- 133@722%&5@38655@35% df‘allé%/rﬁ)lin%ew Qi (%ijhai Z- FC- 1336nzz/ HFC- 245f a
0 1-22/78-99 and 95-99/1-5 7- FC 1336nz7/ HEC 245fa 40 1-26174-99 and

94-99/ 1- 6 Z- FC- 1336nkomemmbagimerds Oiagspsapwk}amznmmo ms%:fe itstle6d in

Z- FC- 1336nz2 245 4. . 58/.42- 76-99/1-24 10 .Jabl e

Ao T oo T abiE T AR R SBRRERERR STEbeBolg ie Comp SallP Rt Brdhang e

Z- FC- 1336nT zfidtECiA56is 1640 10- 13/ 87- 90 and 98-99/ 1-2 Z- FC- 1336nzz/ HFC- 245f a

0 10-14/86-90 and 97-99/1-3 Z-FC 1336nez/ HFC- 245f a
Table 15 Azeotrope-like compositions

COMPONENTS T (°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 1-19/81-99 and 87-99/1-3
Z-FC-1336mzz/HFC-245fa 0 1-22/78-99 and 95-99/1-5

Z-FC-1336mzz/HFC-245fa 40 1-26/74-99 and 94-99/1-6
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-like compositions

COMPONENTS T (°C) | Weight Percentage Range
Z-FC-1'336mZZfHFC-245fa ~40 10-13/87-90 and 98-99/1-2
Z-FC-1336mzz/HFC-245fa | 0 10-14/86-90 and 87-99/1-3
Z-FC-1336mzz/HFC-245fa | 40 | 10-17/83-90 and 96-99/1-4
Z-FC-1336mzz/HFC-2451fa 80 10-22/78-90 and 95-99/1-5
Z-FC-1336mzz/HFC-245fa 120 | 10-33/67-90 and 90-99/1-10

it was found through experiments that Z-FC-1 336mzz 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
compaositions in the cell using the NRTL equation.
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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- 1336nez/ HFC- 245fa 120 10-33/67-90 and 90-99/1-10

It was found throug xperinments that Z- 1336 and di net hoxynet hane
formazeotope | | ke T TR HTBRSU e FOcAB B IaU Hie SBTwesRPUe Mibat i | Ly of

this binary pgi el bhg-F3 Wuﬂ%ﬁéw VRLMGR HS8ewnTREIEoyal

absolute pressure in a PTx cell of kno ume was neasured at cohstant
t enper at ur e Wh)«:h aeiraies graphrojalfyicb‘rrmfmmatimnsaf deede prdkewrenEostionser e t hen

L et G2 T LY LA AR TRRl bt P bl ™0 1
COWDOSItson%ddrhﬂd‘lﬁﬂ-rfi(p@@'(%ﬁ%i’a; E&A@é@t@% RRLRDOMERIEN S @thure s

shown in FIG 7, | ustrat es hi cal | thefornatlono
azeot r ope- | m@ec%n%ds‘l ,t1|,‘bf4§ bexaﬂmorm-ZJ:gatanmamcégawm1@99nmleé/me and

di met hoxynmet f; 9 C5 and about 22.5 psia (155 kPa), as indicated
by m xtures (5 eﬁw%&p%?h% Y99 mole % Z- 1,1,1, 4,4, 4- hexaf | uor o- 2- but ene and

about Ito 99 nol @dm@lemwmwﬂm motﬁj@m@éﬁ@@@w@%as@fmﬂg‘@atuﬁope l'i ke

conpositions_are listed in Tabl e Addi ti onal enbodi nents of

azeot r ope- | i ledle drpbdditipaakerapedinngnts < @zeatroastlike rompraiiansiare

Azeotro l'ir,%%oclﬂr%%%ér‘lbons COVWONENTS T (C) Wi ght Percentage Range

Z- FC- 13 net hoxymet hane -40 1-99/1-99 Z-FC 1336nzz/ Di net hoxynet hane 0

1- 99/ 1-99 Z- FC- 1336nzz/ Di Teblo1y rebaopcd®eledibdsi@ohs

Z- FC- 1336nzz/ Dinethoxymet hane 80 1-99/1-00° Z- EC-1336nzz/ Di net-hoxymet hane

120 1-99/1-99 T | Weight Percentage
COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane | -40 1-89/1-99
Z-FC-1336mzz/Dimethoxymethane 0 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 80 T 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 120 1-89/1-99
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 5-85/5-85
Z-FC-1336mzz/Dimethoxymethane 0 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 40 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane | 80 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 120 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 160 5-85/5-85

15 It was found through 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 160 1-99/1-99 Table 18 Azeotrope-|like
conpositions COMPONENTS T (C) Wi ght Percentage Range

Z- FC- 1336nezz/ Di met hoxymet hane -40 5-95/5-95 Z- FC- 1336nezz/ Di met hoxymnet hane 0
5-95/5-95 Z-F C- 1336nezz/ Di net hoxymet hane 40 5-95/5-95

Z- FC- 1336nzz/ Di.met hoxynet hane - - = EC. i hoxynet hane
120 5- 95/ 5- C@ﬁfﬁ%‘é‘%@%Fﬁf%%&g%%ﬁgﬁ%gﬁ%sé’-%ég%%ggcaﬁft was found
t hrough expgpiviBtismé hets Beksiurdd 36 vaastandieoyeirapenicaveribos hinaneot r opi ¢ or

azeotrope-|li ke conpositions. To determne the relatjve vaolatility of this
bi nary pai reomapsitions. Faesforreaggemtantewess hps Rauc {éjd?quluﬁg’%t al “absol ute

pressure | NoPlt figlil BmddaRivs VPtHEGeIVBSngBRSNRTY efuaionst ant tenperature

for various nary conpositions. These nmeasurenents were then reduced to
equi | i brium vapor and liquid conpositions in the cell using the NRTL
equati ons 5The Viporaporgseusuee measurcedvarsuste ednepesdimyssh tions in the PTx

cell for Z-EC | SSOr opentane mxture,|sS.s I 8, which

i |l ustrates” ﬁ‘gh{‘)’é% %@S%%Emzaﬁfﬁalppgwagp %‘ﬁt%%é%%ﬁ%% Ic”%‘?rh%dsi tion of Z-1
1,1 ,4, 41\ﬁnihﬁ>ﬂﬁjfshﬁ€ersga bihBNBed0en &5t enenazngropic &SJsild ofas i ndi cat ed
by a m xture of about B nmole %2Z-1 ,1 oro-2- 10 butene

1 ,4,4,4- |
and 36. 1 nmokd Jo.tybtdpesradiveraanuir)a Hed RYQPreaitians @%‘gégg ng@? the range of
conposi tiong ab, (S LEIRAL 8F 45t 63.9 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.

Rased upon these findings, it has been caiculated 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 femperature 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 iisted in Table 19.
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Based upon these findings,

it has been cal cul ated that Z-FC1336nzz and

cycl opentane form azeotropi c conpositions ranging fromabout 64.2 nole
percent to about 74.4 nole percent Z-FC- 1336nzz and 15 from about 35.8 nole

percent to about 25.6 nole percent cyclopentane (which form azeotropic
conpositions boiling at

a tur= of fr
and at a pressure of frorrr-féggfc—‘g—%—aro

yt -20 C to about 150 C
to about 302 psia (2082

kPa)). Sone epbasitdpiat s [0f AZ&qidpapi C | CRIADIRREMZ ar Sykiopkathnen Tabl e 19.
Table 19 Azegt r&ché)”Foﬁréést'ﬂ;S p‘éleﬁO‘ r opimolkevayer at ur e(raélk %) Azept ropi ¢
Pressure (psia - FC-1336nzz (rml e Cycl opent ane (rml e % 20.0 1.74
64.2 35.8 160 4 8 23 9P§6Pqﬂ4 86 6377 gh53 100 T- Wﬁb‘ 4 20.0
11.4 63.5 3653 § 1666365554400 63.9 36.1

0.0 4.86 63.7 36.3

10.0 7.59 63.6 36.4

20.0 11.4 63.5 36.5

30.0 16.6 63.6 36.4

40.0 23.4 63.7 36.3

49.97 32.1 63.9 36.1

50.0 32.1 63.9 36.1

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 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 composifions containing Z-FC-1336mzz

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

5 exist around azeotropic compositions. Some embodiments of azeotrope-

ike compositions are listed in Table 20. Additional embodiments of

azeotrope-like compositions are Eisted in Table 21.

Table 20 Azeotrope-like compositions

Weight Percentage

COMPONENTS T {°C) Range

Z-FC-1336mzz/cyclopenfane | - 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
Z2-FC-1336mzz/cyclopentane 150 68 - 99/1 - 32

10
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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 35.4 80.0 73.2 65.1 34.9 90.0 92.9 65.8 34.2 100.0 116 66.6
33.4 110.0 144 67.6 32.4 120.0 175 68.9

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/cyciopeniane 40 80- 90/10 - 206
Z-FC-1336mzz/cyclopentane 80 80 - 85/5- 20
Z-FC-1336mzz/cyclopentane 120 80 -95/5-20
Z-FC-1336mzz/cyclopentane 150 80 - 99/5 - 20

The azeotropic or azeotrope-like compositions of the present
invention can be prepared by any convenient method including mixing or
5 combining the desired amounts. In one embodiment of this invention, an
azeotropic or azeotrope-like composition can be prepared by weighing the
desired component amounts and thereafter combining them in an
apprbpriate container.
The azeotropic or azeotrope-iike 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 cycie working fluids, polymerization media,
15 particulate removal fiuids, carrier fiuids, 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 azeofropic or azeotrope-like composition consists essentially of Z-
1.,1,1 .44 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-
pentafiuoropropane, 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 thereaffer evaporating said azeotropic

25



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 conpositions containing Z-FC 1336nezz and
cycl opent ane

| be f ik 5 t
o ound azeobt SErTomRIES PoTBRE Hos Hine A ahTe ASHBa Foets ke — o
conposi ti ongyhatdn lsaft &£kdtfoph é@r%z%@troﬁéq;ké 'c@h%osﬁt"@?@bﬁ@&%%s@éntiai

[
azeot r ope- Ilke conpositions are |isted Tabl'e 21. Tabte 20 Azeotyrope i ke
conposi t i onsf ZAvPdMEAHShexaflugrey2-baene and a component selasiterhfroPetheent age

Ra 77- 8/14-232F 3 / cycl t C.1336n7 7/ cycl t
0 7a" " g7 19otssrs e AR S RBS DR G e busae, T T, S4C opentane
Z- FC- 1338nE pepidfiliopdiutans tféhs 3 2-dRBlokostlehd; G, 13363r2/ cycl opent ane 120 70

- -99/1 - 30

pentafiuoropropane, dimethoxymethane and cyclopentane.
- Another embodiment of this invention provides a process using an-
azeotropic or azeotrope-like composition as a solvent, wherein said
| azeotropic or azeotrope-like composition consists essentially of Z-

10 1,1,1,4,4 4-hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, pentane, 2-methylbutane, 1 ,1,1.3,3-
pentaflucrobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane. ‘

Another embodiment of this invention provides a process for

15 producing an aerosol product. The process comprises using an azeotropic
or azeotrope-like composition as a 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 methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-pentafluorobutane,

20  trans-1,2-dichloroethyiene, 1,1,1 ,3,3-—pentéﬂuoropr0pane,
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 of Z-1,1,1,4,4,4-hexafluoro-2-butene and a component selected from the
group consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentaflucropropane, 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 extmgusshmg or
suppression agent, wherein said azeotropic or azeotrope-iike composmon
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



Z- FC-1336nez/ cycl opentane 150 68 - 99/1 -32 10 Table 21 Azeotrope-like
conpositions COVPONENTS T (C) Wi ght Percentage Range

o180 - 57/ 13 BERe LR evan dchind defoTag e gner e =1
Z- FC- 1336ne 7/, ¢yic3 Gpsaitaneo r&%ne,%ﬁﬁéthox?ﬁe@h&% éﬁ@@g&%@mﬁn@pent ane 120
80 - 95/5 - 20 Z-FC 1336nzz/cycl opentane 150 80 - 99/5 -"20 The azeotropic

or azeotrope-| i khr@hpbsmuogitsentoftthis ipveaiion provides & proeess uséngpeepar ed by

! o . it Ve el 1D
1 one. enbodieelEREroh Aot hathPes Ry 2sr R wha Rt Rl T e
conposi t §on azantioeipoeaassitbiz/iEtahbositibReoneRts essaReBeat amunts and

thereafter copbining themin an appropriate container. e azeotropic or
azeot r ope- | i1k3311@%%?3?%"0&*’9@%%érﬂOWHWéﬁ{ﬁC&d trarm the greepl in a

w de range i Gt d ' ' b [ s aerosel, propel | ants,
refrigerant g"”go Wgﬁ?sdjgfgﬁé?ﬁ?’%é{gjg%é?‘e%ﬁqo#\nﬁﬁ%ﬁgaéj ntTSﬁ?fao:g'm expansi on
agents) for peméafiopbbstane, mdsth2digsetodtiodsne, haat 3 Bransfer nedia, gaseous
dielectrics, firge extinguishing and suppression agents, power cycle working
fluids, pol REVRUQIPRRP , dimgthoyumeticenenaad cyppantaneui ds, carri er

fluids, qguffing abrasive agents, and displacenment drying agents.
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One enbodi ment of this invention provides a process for preparing a
thernopl astic or thernoset foam The process conprises using an azeotropic
or azeotrope-like conmposition as a bl ow ng agent, wherein said 20
azeotropi c or azeotrope-like conposition consists essentially of Z- 1,1 ,1
, 4,4, 4- hexaf | uor o- 2- but ene and a conponent selected fromthe group
consisting of nethyl formate, pentane, 2-nethylbutane, 1,1 ,1 ,3, 3-

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

pent af | uor opr opane, dinethoxynethanegbﬁﬂﬂéyclopentane. 25Anot her enbodi nent
of this invention provides a process for producing refrigeration. The
process conpri ses condensi ng an azeotropi c or azeotrope-like conposition
and t hereaften. evapopasitiony cossistirgzessentpliycof: or azeotrope-1i ke conposition

inthe vicinit t b t o, be | ed, wherein said azeotropic or
azeotrope-like¥%ﬁ%ﬂ6@?ﬁf§%¥@5ﬁ@#§?§£§§§@ﬁt@gfly of

Z-1,1, 15 4, 4, 4- hepahdigyiBatdnbUlBaRIrAHe 2nkampomant iseleeeheid div affectibe gr oup
consi sting of methyl formate, pentane, 2-nethyl butane, 1 1,% 3, 3-

Spent af | uGNEBINT &nEOrM am AZetTopiGERAPHaEeR Mihdhe Z-1.141 4. 4#-Rexafluoro-2-

pent af i uonopropane, di met hoxynet hane and cycl opent ane. Anot her
enbodi nent” of this invention provides a process using an azeotropic or
azeot rope- | i kB. cohpasedirapic asmaositibn ehtlaimticsasisistivgisdsentisdy b fiom or

azeotrope-like conposition consists essentially of 7- -1 )

1,1, 1, 4, 4, 4- hex bR 6o m g e 13 @ 08%%56‘%?1'% p?é‘feéégeg%‘!r%#ﬁ he group
consi sig ng of ma{efludrernBlienep@aAtAe abdutiBL ByhSletrneant 1o bdui®h 34 mole

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

pent af | uor opr opdifsseriizraeiliaIh AviciRgs epUing et drrPe TRl T8hbodi ment
of this inventioppf o 48 ARS8 410 prebsuld dHTh BBoa2 agisRealy product .
The process conprises using an azeotropic or azeotrope-like conposition as
a propel | ant, widtitm abaiid! MWresie (BHidckior). azeot rope-1i ke conposition
consists esseptially of .Z-1.1 1.4 4 4- h l uor o- 2- but ene and a conponent
sel ected frontt hg Cﬁ%&ﬂflt%‘ndﬁ”?ﬁ’ﬁ% e§§e%a['”aﬂﬁ3{f. format e, pentane,

2- met hy4 but ane,(a)lz.’b,,ﬂ,g31,,$,4pmtaalﬁ¢moz_emﬁmnend 20trans-1, 2-di chl or oet hyl ene,
1,1,1, 3, 3-pentaf | uor opr opane, di net hox netggge and cyclo entaqi..

Anot her enbodi feh?-est Y'ﬁ_}‘ts’ﬂ_”?hWBﬁ"t‘i'%Fhepi“(@“\ﬁt UL2NG1D RERSENLLY #Y RPN G eot r opi ¢
o azeot I apaliis IGRITER Shbotiib ke difiBinatioRiahahe Prlh 3,4 Wek SldfusR-2-
azeotropic or azeotrope-like 'conposition consists essentially 25 of

Z-1,1, 1, 4 tenenexaf | uor o- 2- but ene and a conponent sel ected fromthe group

consi sting of hyl._f Qr nat ; | . : _
pent af | uor obuﬁgﬁfeﬁg??eaogrsog%f@? d’{% %0%?( gj@t%ry@hﬂ,g ch%é ‘E‘ f,)gf%_eﬁtléﬁye’of%rom 1

p;%n: ﬁf beior opr ;)p&ﬁ@g \déi@gt b@r)&amhane,4?ﬂd~r?gaflo?em-apmﬁ¢mmn 98rtbddi ment
0 is invention provides a process for exti ngui shing or su ssing a
fire. The pr oces‘@e‘_SBth‘?"F@'_@sz'ﬂ'%ﬂ?ﬁgb‘éiﬁnﬁzg?ﬁr?%f'%?qqu"aajéot?ﬂg’ﬁé@wr{g{f?@‘
conposi tion as azpldieg @‘é‘am&ﬂ%)%itiéﬁﬁﬁ\?iﬁé%'&ﬁer@ﬁ@é‘in d¥foitn said

azeotropic or azeotrope-like conposition consists essentially of

Z-1,1, 1, 4, 4, 4- herabburerandbUbblepeinhprbsautsorfgeseianse|eseakle § peigethe group
consi sting of t hyl, for mat nt ane. 2- et hyl but ane,

1,1, 1, 3, 3-pent gﬁq%ddﬁqﬂngtﬁg%@&%r%qqﬁ BE3PHI or oet hyl ene.,

1,1, 1, 35 3- pentsaf A pes s apanepatidiatthenydmidtiang taathaset fape cbmpesingnot her

enbodi nent of this invention provides a process usin aqggzeotro tc or
azeotrope-|ike céiipdantazenireric g areRioRe-ike GREPeSIICEs 8 BAWIREEA%SHhc or
azeotrope-like { Lii Gﬁﬁﬂ I_Akd ¥YorRbot ist tiall
1,1,1,4,4,4- hexg\gﬁ%%ﬁo%%-e%ﬁtgene i(ztrr?gagéco E!oneénto sé(lj ec?%go?srlso%etsﬁeen 5r¥)up
consi sting of neefBH, T, bdad-bexplirrarfebuiznaeniyd-metadeutane.1, 1, 3, 3-

pent af | uor obutang, trans-1, 2-di.chl | e ; -

pent af | uor opr %a’ﬁé’f"‘ﬁ?ﬁ%&?'ﬁ%@%@ﬁﬁé{%{é‘{&gh%%@yccrﬁ%o%ésm%%&ei‘ﬁ‘”gciﬂAl M5 1. A
conposipi on COESéﬂ?ditMicﬁ@S&ébb Er@bé—?’tkefcgn(pauﬁition and tﬂeil*e;fter evapovﬁting said )
Z-1,1,1,4,4, 4- hexaf | uoro- 2-butene; and 5 . 2-.met hy. t ane; rein the

2- met hyl but ane | 3Z§HERENRT @Woyﬁp%ﬁ'F%W@sé‘%d%? %cqnﬂy ﬁ?ﬁ}% %‘%‘g/otf’rb(?pl c
conbination with the Z-1,1,1, 4,4, 4-hexafl uoro-2- butene. 2. The azeotropic
conposition of claim1 consisting essentially of fromabout 37.1 nole
percent to about 48.6 nole percent Z-1,441,4,4,4- 1lOhexafl uoro-2-butene and
from about 62.9 nole percent to about 51.4 nole percent 2-nethyl butane,

whi ch has boiling point tenperature of from about -20C to about 120 C at a
pressure of from about 2.7 psia (19 kPa) to about 199 psia (1370 kPa). 3. A
conposition consisting essentially of:



15(a) Z-1,1,1, 4,4, 4- hexaf | uor o- 2- but ene; and (b) 2-net hyl but ane;
wherein the 2-nethyl butane is present in an effective anount to form an
azeotrope-li ke conmbination with the Z-1,1,1, 4,4, 4-hexafl uoro-2- butene. 4.
The azeotrope-like conposition of claim3 consisting essentially of from1
20t o 99 weight percent Z-1,1,1, 4,4, 4-hexafl uoro-2-butene and from99 to 1
wei ght percent 2-nethyl butane, characterized by: at a tenperature of from
-40 Cto 120 C, said conposition having a difference in dew point pressure
and bubbl e poi ntcoptesk siheeeinfsaldeazectrioaic @razegirapedise sopepeidian cbasigl® upon t he
bubbl e point pressurge., 2 A C I J t fic or
Ceg%%?ﬁaﬂyrpg%g T4 ﬁ,gfntﬁg%)é%‘ﬁfor&.ﬁﬁﬂéﬁ@gn@g rngl!’hqﬁ)?xlta?rﬁa.

t her noset foam i"'hg a ropic” or azeotrope“l'iT’ke conposition
as a bl owi ng aZgenprocelscemprisiagdisbreat aagiteopic onazmaitroppedikkei doenpusitiposi t i on
consists essentially of Zz-1,1,1,4,4, 4-hexaf| uoro- 2- bft ene and_.

2-net hyl but ane. 35.2 2Pl ¥EET4ID A FEIEPRY; ¢ PPt KO ACUBRPIPEI ng
condensing an 30afeRld eRldntiafly 7291, PR LR aRATBIBHIGAB aRac-t her eaf L er
evaporating said azeotropic or azeotrope-like conposition in the vicinity
of the body to beethgbotang. wherein said azeotropic or azeotrope-l|ike
conposition cgnsjsts ntial l: - 4- af | 0;,2- but ene and
2- et hyl but angt A]'EFO&%Sztgrégsrga%%%%r%Saﬁcésoighdg!cgﬁorggﬁéﬁég'gﬁrg %‘f
azeotrope-|i ke cprposbiciarmzastrapsike eminpositien ek [rapeliantcotherepi saidr
azeotrope-li ke conposition 5consists essent.ially .of .

ZL101 104, 4, 4 heRAPIABIGT 2280 ae R EOBBOREPR PR T RsseRial G dscess for
producihg an aerQ$al4 BIORRHIUERIPILLS R0kt D MetAibageat ropic or
azeotrope-like conposition as a propellant, wherein said azeotropic or
azeot r ope- | i k8. dopansiss icoMPEsNGI USing 8B sepvlrenic gr axeatrope-like composition

101, 1,1, 4, 4, 4- hexaf Lugy 0- a<Bul.en8 %ﬂgr%ﬁ gﬁiﬁ%e%%@iﬁ%r aeotfofs-fEESS

conpri sing using an azeotropic or' azeotrope-11ke ctonmposition as a heat
transfer nmedi a, osmepaitiorseirsisag essantiplly 0bZ-1at,8 ot 4 dgexkfikeroebpesietandn
consi sts essent |2alg_%h Zf Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene and

2- et hyl but ane. T .yb‘ﬂ}?a‘ée_ss for extinguishing or suppressing a fire
conpri $4 ng ushpo Brbce%8 %61 SRinGuiBhingZR FupBRESsIddE fikotmasidin®usagy anfire
ext i ngui shing or suppression agent, wherein said azeotropic or

azeot rope- | i ke @#ROTOPIC BrRzepiepetike egrpasitian g affre extinguishing or

Z 111,44 4 nesphl Aaid 2ot SREreRlSaid az BBl iL Y 52880k Aorfbasfs
conpri sing using azeotropic or azeotrope-ITke conposition as

di el ectrics, wherogisistsasskrdiathpof 8,14 ddexifiope-2-bkiene@andodi ti on consi sts

essentially of Zrh%fh%/!blutgﬁed." 4- hexaf | uor o- 2- but ene and 2- net hyl but ane.
20 11. A process comprising using an azeotropic or azeotrope-like composition

as dielectrics, wherein said azeotropic or azeotrope-like composition
consists essentially of Z-1,1,1,4,4,4-hexafluoro-2-butene and 2-

methylbutane.
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